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SUMMARY

A test of a set of Sikorsky CH-34 rotor blades was conducted in the NASA/
Ames full-scale wind tunnel at speeds of from 110 to 175 knots. One
blade of the set was instrumented to measure differential chordwise pres-
sures and flapwise, chordwise, and torsional stress. The test results
are presented, two- and three-dimensional pressure distributions are
compared, and a correlation of airloads and blade stresses is made with
a flexible blade aeroelastic theory, including both uniform and variable
inflow assumptions.

At inboard radial stations where a direct comparison of measured and
two-dimensional chordwise loadings could be made, the correlation was
good. However, near the advancing blade tip, in a region of rapid change
in loading, and therefore in shed vorticity, there is evidence of a require-
ment for including consideration of lifting surface effects in the calcula-
tion,

Correlation of measured section airload time histories with theory was
generally good, with the principal discrepancy noted at high speed in the
region of the advancing blade tip where a sharp, impulsive type of loading
was measured. Inclusion of variable inflow improved the correlation on
both advancing and retreating sides of .he disk at speeds as high at 175
knots, but the need for a more rigorous treatment of theoretical shed
vorticity is indicated, owing to the presence of a phase lag between meas-
ured and calculsted loading.

Good correlation of measurec¢ and calculated vibratory blade stresses was
shown. Inclusion of variable inflow tends to improve the correlation of
flapwise stress tinie histories, but has a negligible effect on computed
chordwise and torsion stress.

A comparison of wind tunnel and flight test results obtained from the
same rotor blzde set (both operating at 110 knots but at a different rotor
propulsive force) showed generally good agreenient, and the differences
could reasonably be explained by the differences in rotor operating condi-'
tions.
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Mr. Robert Piper monitored this program for the U.S. Army Aviation
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SYMBOLS

( For Text and Table 1)

Longitudinal first harmonic flapping with
respect to the shaft

Lateral cyclic pitch
Number of blades

Lateral first harmonic flapping with
respect to shaft

Longitudinal cyclic pitch with respect to
the shaft

Blade chord

Section normal force coefficient
Rotor drag

Average lag angle

First harmonic cosine amplitude of lag
angle

First harmonic sine amplitude of lag
angle

Rotor shaft horsepower
Rotor lift

Free-stream Mach number

M(1.0, 90) Mach number of advancing blade tip

q

r

Free stream dynamic pressure

Distance from center of rotation to blade
radial station

xiii

Units

Degrees

Degree s

Degrees
Degrees

Feet
Pounds
Degrees
Degrees

Degrees

Pounds

Pounds/square foot

Feet

L




Units

Blacde radius Feet
\Y Forward speed Feet per second or
knots
X Distance from leading edge to blade Feet

chordwise station

a, Local blade section angle of attack Degrees
=' ag Rotor shaft angle of attack Degrees
g B Blade flapping angle with respect to shaft Degrees
Y Shed vorticity Square feet per second
r Trailing vorticity Square feet per second
9.75 R Blade collective pitch at 0.75R Degrees
13 Advance ratio, V/ QR —
P Air density Slugs per cubic foot
o Blade solidity, ¢ /xR —
'/ Azimuth angle Degrees
‘ Q Rotor angular velocity Radians per second

For Remaining Tables

A (N) Cosine components in terms of Fourier
series

B(N) Sine component in terms of Fourier
series

Harmonic order, N=1, 2, 3, . . .

Y = Ay-Aj cosy-B) sing -Axcos 2y -By sin 2¢ .. . etc.




INTRODUCTION

During the design stage of rotary-wing aircraft, the ability to predict
aerodynamic and, more important, overall dynamic structural blade loads
is essential to achieve a structurally reliable and efficient rotor system.
This is because the rotor is subjected to continuous fatigue loading, even
during normal cruise flight. Early studies to measure the aerodynamic
loads on a rotor include the wind tunnel tests of Reference 1 and the more
recent flight tests of References 2 and 3. These tests covered the approx-
imate speed range of 0 to 100 knots, and correlation of these test data
with theory, as in References 1 and 4, showed that the assumption of
uniform rotor inflow was inadequate to predict aerodynamic and structural
loads, at least in the lower flight speeds, and that the effects of the trail-
ing wake vorticity must be included in the theory, as covered in Refer -
ences 4 and 5.

The purpose of the present investigation was to extend the range of avail-
able aerodynamic and structural loading data to higher forward speeds.
Therefore, the pressure-instrumented Sikorsky CH-34 full-scale rotor
system, used in the study of Reference 2, was tested in the NASA /Ames
full-scale wind tunnel at speeds of from 110 to 175 knots. An additional
test was conducted at 110 knots to simulate a flight test condition of
Reference 2. These data are presented and a comparison is made with
computed aerodynamic and structural loads. For certain computations,
both nonuniform and uniform rotor inflow were used.

This program was jointly sponsored by the United States Army Aviation
Materiel Laboratories and Sikorsky Aircraft, and the tests were con-
ducted by the Ames Research Center of the National Aeronautics and
Space Administration.
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DESCRIPTION OF FACILITIES AND EQUIPMENT

WIND TUNNEL

The full-scale wind tunnel located at the NASA Ames Research Center is
of the closed-throat, closed-return type, with a test secticn 40 feet high
and 80 feet wide. This tunnel has a nominal maximum speed capability
of 200 knots and is powered by six 6000-horsepower electric motors.
fodel forces and moments are measured by a six-component mechanical
balance, with the readings punched directly on IBM cards for processing.

ROTOR DRIVE AND CONTROL SYSTEM

The faired rotor drive and control system is shown as installed in the
wind tunnel in Figure 1. The fully articulated rotor is mounted on a
standard CH-34 transmission powered by a NASA 1500-horsepower
variable-speed electric motor. The four-bladed hub is equipped with
coincident flapping and lagging hinges located 1 foot from the center of
rotation. Lagging motion is restrained by standard production hydraulic
dampers. A terminal plate is mounted on the rotor head to accommodate
instrumentation leads from the rotating system through the slip rings to
the fixed system. All components are mounted on a triangular I-beam
frame, and the complete assembly is enclosed in a streamlined fairing.
The model was supported on the tunnel balance by means of two faired
forward struts and one unfaired, telescoping tail strut. The rotor head,
at zero angle of attack, was positioned 7 feet above the tunnel center line.

Certain modifications to the CH-34 control system were made to minimize
pitch-lag coupling and to provide for adequate strength to react the antic-
ipated control loads which, at the high speeds and advance ratios possible
in the wind tunnel, were expected to be in excess of the CH-34 design
loads. The swash plate, scissors, and control horn were redesigned.

The CH-34 pushrods and primary control servos were replaced by units
standard on the Sikorsky S-61 helicopter. The usual aircraft collective
and cyclic pitch control sticks were replaced by three remotely operated
electromechanical actuators which controllel rotor blade pitch through
the standard aircraft linkage.

ROTOR BLADES

The test was conducted using a standard four-bladed CH-34 main rotor,
one blade of which was modified only to the extent required for the nec-
essary instrumentation. The remaining blades were balanced to match
the instrumented blade. Rotor radius is 28 feet, and the blades are of
-8 degrees aerodynamic twist with a blade chord of 16. 4 inches. Airfoil
contour is that of an NACA 0012, based on a chord of 16.0 inches




modified oy a 0.4-inch trailing edge extension of 0.096 inch thickness.
Figure 2 compares the basic airfoil shape, the tip cap region at 99 percent
radius, and the inboard blade spar. The blade's physical properties are
given in Figure 3; the blade frequency diagram, in Figure 4. The calcu-
lated blade natural frequencies at a rotor tip speed of 650 feet per second
are as follows:

CYCLES/REVOLUTIQN
1st Flapwise Mode: 1.03
2nd Flapwise Mode: 2.70
3rd Flapwise Mode: 4,98
4th Flapwise Mode: 7.71
1st Chordwise Mode: 0.24
2nd Chordwise Mode: 3. 38
3rd Chordwise Mode: 9.00
1st Torsional Mode: 7.41

(The listed first flapwise and chordwise modes are sometimes referred
to as the rigid body flapping and lagging frequencies. However, this is
true only for an articulated blade with zero flap and lag hinge offset. For
an articulated rotor with finite flapping and lag hinge offset, such as con-
sidered here, these are actually elastic modes.)

INSTRUMENTATION AND DATA ACQUISITION SYSTEM

One rotor blade of the set was instrumented with 56 electrical pressure
gages, NASA type 49-TP and 6680-NS, (Reference 6) in order to provide
measurements of instantaneous aerodynamic loads. The gages were
located at nine radial stations as shown in Figure 5. The blade was alsc
strain gaged to measure four flapwise, four chordwise, and three torsion
stresses. As a safety precaution, five total stress gages were also
provided and continuously monitored during testing (see Figure 5).

A master control console was used to provide rotor control and monitor -
ing functions. The panel display consisted primarily of a rotor tachom-
eter, gearhox oil pressure and temperature indicators, two dials for

the resolved flapping angle, and three dial indicators for the control inputs.
Three position toggle switches controlled servo actuators, and a servo
position indicator system was utilized to set test conditions.

Blade flap and lag angles were measured by Baldwin-Lima-Hamilton
angulators installed or the rotor head. A flapping resolver system was
used to derive the firs. harmonic sine and cosine components electrically
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from the output of one of two flapping transducers. These flapping
components were displayed on the control console for use in setting trim
conditions during testing.

Rotor power was derived from torsion strain gages located on the rotor
shaft. Electrical signals were transmitted from the rotating to the non-
rotating systern through a 160-channel slip-ring assembly. Magnetic
pickups were used to sense blade azimuth position.

Time-averaged six-component rotor performance data were recorded by

the wind tunnel balance and processed by NASA/Ames wind tunnel equip-
ment.

DATA REDUCTION FACILITY

In order to utilize automated electronic data processing techniques, the
recording medium selected for all dynamic measurements was magnetic
tape. A block diagram of the instrumentation is shown in Figure 6. The
principal acquisition device was an Ampex Model 800B Magnetic Tape
Recorder which has a capacity of 14 tracks of information.

The recording system was a narrow-band FM multiplex using standard
IRIG subcarrier oscillators. Eight channels of information, IRIG bands
9 through 16, were recorded on individual tape tracks. A total of 10
direct record tracks were used for dynamic data. In addition, one track
was used for audio comments, two others were used for main rotor azi-
muth reference contactors, and a final track contained a data run com-
mand to be used in processing. All dynamic measurements were re-
corded simultaneously to provide proper time correlation of the data,

The 56 pressure transducers in the instrumented blade were conditioned
using CEC System D Amplifiers.

The strain gage instrumentation channels were conditioned by B & F
Bridge Balance Units. The resulting signal outputs were then supplied
to the subcarrier oscillators.

In order to provide for on-line monitoring of test conditions, a patch
panel and an 18-channel CEC Datarite Oscillograph were provided. It
was also necessary to observe specific signals continually during the
entire test program. For this purpose, a 17-inch oscilloscope and a
four -trace electronic switch were supplied and patched into the appropri-
ate channels.

Operation of the recording system was accomplished by use of a single
control unit. Features included selectable time duration data bursts




and an automatic calibration sequence using standard shunt resistance
techniques.

DATA PROCESSING SYSTEM

The dynamic test data were processed at Sikorsky Aircraft by means of
the technique block diagrammed in Figure 7. A single tape track, which
contained a maximum of eight measurements in an FM multiplex, was
played back into a bank cf narrow-band FM discriminators (Model GFD-7,
Data Controls Systems, Inc.). The discriminator outputs were then fed
into normalizing amplifiers that scaled all measurements to a common
signal level (10 volts = full scale). These data were presented to a solid-
state multiplex with sample and hold amplifiers. The sampling rate of
the multiplexer was controlled by special Sikorsky-designed hardware
that utilized control signals from the analog tape. The control signals,
72 azimuth pulses per main rotor revolution, one azimuth pulse per

main rotor revolution, and a data run command, were combined to gen-
erate 720 data sampling pulses for 10 data cycles within a given data
burst. The multiplexer output was digitized by an eight Bit Binary Plus
sign analog to digital converter and formated on digital tape through a
Scientific Data Systems Computer, Model 910. This digital tape was

then processed to final form by an IBM 7094 computer, with calibration
constants incorporated in the digital computations.

FREQUENCY RESPONSE OF DATA SYSTEM AND MEASUREMENT
ACCURACY

In considering data accuracy for a test of this type, both static and dy-
namic errors must b2 included. By a static error is meant the summa-
tion of the possible errors. in each individual component of the data acqui-
sition and processing system. This was arrived at by taking the square
root of the sum of the squares of the possible deviations of each compo-
nent, a standard statistical procedure. This resulted in a static system
amplitude accuracy for strain gage measurements of 2.2 percent of full
scale, and 4.1 percent of full scale for blade pressures.

The dynamic response of the data acquisition and reduction system must
also be considered, as it could distort both the amplitude and the phase
relationship of the data. There was no measurable amplitude distortion
up to the tenth harmonic of rotor speed and a maximum of only 2 percent
at the twentieth harmoric for either pressure or strain gage measure-
ments. Figure 8 presents the phase lag of the system versus frequency
for both pressure and strain gage measurements.




Any departure from linearity would indicate a phase distortion of the final
waveform, but the nonlinearity of the curve is so small that no correction
was applied to the data.

SIGN CONVENTIONS

The sign convention used is that a positive sign indicates:

Measurement Direction
o Flapwise bending moment Upper surface in compression
A Chordwise bending moment Trailing edge in compression
¥ Torsion Moment Leading edge up
8y Pressure Lift (upward)
875 R Leading edge up, average value
A Pitch reduction aty= 0 Degrees Azimuth
Big Pitch reduction aty= 90 Degrees Azimuth
a)g Down flapping at ¢ = 0 Degrees Azimuth
bg Down flapping at y = 90 Degrees Azimuth
' E, Blade span axis lagged behind line from center of
rotation and lag hinge (average value)
E; Blade leading at ¥ = 0 Degrees Azimuth
F1 Blade leading at ¢ = 90 Degrees Azimuth

Moreig
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TEST PROCEDURES, DATA RELIABILITY,
ND DATA EATABILI

PROCEDURE

The testing procedure was to set a desired tip speed (650 feet per second),
shaft angle of attack, forward speed, ard nominal rotor lift. Longitudinal
and lateral cyclic pitch were adjusted to provide nominal zero first har-
monic flapping with respect to the shaft. The actual first harmonic
flapping angles are presented in Table I. A negative Fourier series is
used to represent blade motions and all other harmonic amplitudes (for
example, B =ag, -a)gcosY-bjg sin¥-a2s cos2y- etc. ).

In anticipation of the high control loads that would be generated at high
tunnel speeds, the control system was modified and strengthened as
described previously. However, this modification resulted in an unusual
control system kinematic coupling such that two adjacent blades had a
slightly different cyclic pitch from the other two adjacent blades, which
resulted in a "split” tip path plane whenever cyclic pitch was applied. The
instrumented blade and the preceding blade (whose vortex system has the
primary influence on the following blade) were always in plane, but the
other two blades were flapped approximately one degree higher. Calcula-
tions based on the method of Reference S indicate that such a misalign-
ment should have no significant influer:ce on the measured pressure data.

RELIABILITY OF PRESSURE DATA

At each data point, an analog tape record was made for 10 rotor revolu-
tions. Figure 9 shows a typical plot of differential pressure at 90 percent
radius and 16. 8 percent chord, a randomly chosen location. Curve lisa
direct playback from the analog tape of a random cycle within the 10-cycle
data burst. Curve 2 represents the same random cycle after being
digitized in S-degree increments. Curve 3 is an average of the 10 digit-
ized cycles within the data burst. The figure demonstrates excellent
cycle-to-cycle repeatability was well as accurate conversion from analog
to digital information.

OVERALL REPEATABILITY OF DATA

At a tunnel speed of 150 knots and a shaft angle of zero, two completely
independent runs were conducted at separate times to permit evaluation
of overall data repeatability. Figure 10 compares time histories of air-
loads for three typical radial stations, and Figure 11 presents time his-
tories of flapwise, chordwise, and torsional stress at 65 percent radius.
Excellent repeatability is evidenced, particularly considering the slight
difference in actual rotor lift and drag.




Coa-d

-3

-

DESCRIPTION OF COMPUTATIONAL METHOD

The computational technigue used (see Figure 12) is based on the aero-
dynamic approach of Reference 7 but is extended to include blade flexibility
through the summation of normal modes of vibration and the incorporation
of an option for including the influence of the trailing and shed wakes on
rotor loads, using the method of Reference 4. Calculations are perform-
ed on an IBM 7094 and are initiated by inserting the blade's physical prop-
erties and rotor speed into a deck for computing the rotor blade's natural
frequencies and mode shapes based on an extension of the Myklestad
method for rotating beams (Reference 8). In this investigation, 4 flapwise,
3 chordwise, and 1 torsional mode shapes were used. These results,
along with the required flight parameters (forward speed, tip speed, lift,
and propulsive force), blade section aerodynamic data (Reference 7), and
rotor inflow, are then inserted in the Normal Mode Transient Analysis
nrogram to calculate blzde response. Determination of blade response by
t7e normal mode method is described in References 9 and 10. Briefly,
using arbitrary starting values, the transient response of the blade is
calculated at finite azimuthal increments until the steady state is reached
to within a specified tolerance. If the desired lift and propulsive force
and/or blade flapping motions are not achieved, an automatic iteration is
performed by adjusting rotor inflow and control positions, as indicated in
Figure 12. Once convergence is achieved, the rotor blade aerodynamic
and structural loads, blade motions, and control positions are printed
out, )

If the variable inflow option is exercised, the above results are used as
input to the Cornell Aeronautical Laboratory variable inflow calculation
method of Reference 4. This method represents the rotor wake as a
series of discrete shed and trailing vortices, as illustrated schematically
in Figure 13, taken from Reference 4. For the present calculations, 10
radial segments were used and calculations of inflow were made at 15-
degree increments in azimuth, the minimum spacing provided in the
method. The wake transport velocity is assurned to be equal to the vector
sum of the mean rotor inflow velocity and the forward speed of the rotor.
The variable induced velocity output is then introduced into the Transient
Analysis Program and a new blade response is determined. This proce-
dure can be repeated, but experience has shown that one iteration is
adequate. For the correlation conditions of this report, both uniform

axd nonuniform inflow were used in the calculations. However for the
tabulated theoretical results, only uniform inflow was assumed, unless
otherwise noted.

It sheuld be noted that in the following comparison of measured and com-
puted loading using the variable inflow method of Reference 4, that when
discrepancies are attributed to possible limitations in the theory, no
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criticism of the theory of Reference 4 is intended. The intent is o em-
phasize that additional research in the very complicated field of rotor
inflow determination is required, as discussed in References 14 and 15,

to provide a more precise definition of the influence of the returning wake
on rotor loading.




DISCUSSION OF WIND TUNNEL DATA

HORDWISE LOADING

Figure 14 presents typical examples (complete pressure data are avail-
able in Reference 11) of differential blade pressure versus chordwise
\ position at 175 knots for 90-degree increments in azimuth at 55, 75, 95,
97, and 99 percent radius. (Note that the measurements at 99 percent
radius are on the tip cap and therefore are not for an NACA 0012 airfoil
section; see Figure 2.) The load distributions are generally as expected,
with the primary exception of the unusual pressure distribution at 95
- percent radius and 90 degrees azimuth. These data were particularly 5

carefully checked for validity. No definite explanation for this apparently
peculiar behavior is available at this time, but two possibilities are pre-

3 sent. First, this distribution may be partly a two-dimensional character-

istic. The two-dimensional wind tunnel tests of Reference 12 on a pro-

duction CH-34 rotor section indicate that at the Mach numbers under

consideration, approximately 0.8, similar chordwise loadings may be

encountered, but narmally at a higher angle of attack, as shown ir

Figure 15. Second, the distribution may be influenced by a three-di-

mensional effect. Examination of the wake trajectory, computed by the

method of Reference 4, shows that the tip vortex from the preceding

blade is at about 88 percent radius and within 1 foot cf the instrumented |

blade. If this representation is reasonably accurate, there could be a |

large chordwise variation in inflow at the instrumented blade due to the |

returning wake under the rotor which would suggest the necessity of the

use of lifting surface theory for more accurate determination of chord-

wise load distribution. Harmonic analysis of the individual pressure

gage output at this station showed a large variation in harmonic content

with chordwise location, which would lend support to the latter hypothesis.

An excellent discussion of this point is given in Reference 15. Further

examination of this phenomenon is beyond the scope of the present report.

AN

Figure 16 presents a comparison of the rotor chordwise luad distribution
with two-dimensional data from Reference 11, at 25, 55, and 75 percent
radius. The radial stations and azimuth positions selected coincided
approximately with data points in Reference 12 at the same Mach number
_ and normal force coefficient, so interpolation would not be necessary.

: The correlation of two-dimensional and three-dimensional loading is \
generally good for these conditions, and additional comparisons may be

made by interpolating between References 11 and 12.
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SAMPLE BLADE ROOT MOTION COMPARISON

A correlation of measured and calculated blade root flapping motion is
presented in Figure 17 for speeds of 110, 150, and 175 knots at a shaft
angle of -5 degrees (forward tilt). It should be noted that here, and in all
plotted correlations of theory and experiment, the theoretical first har-
monic flapping angle with respect to the shaft has been made equal to the
measured value. In the tabulated calculations, the first harmonic flapping
angle is set equal to zero. The effect of out-of-trim flapping on computed
airloads and blade stress is discussed in connection with Figures 21 and
29,

Correlation of theoretical and measured flapping in Figure 17 is good, and
the effect of the inclusion of variable inflow is small. Harmonic analyses
of all test conditions are presented in Table II.

No comparisons were made of the blade lag motion, as the higher harmonic
content was negligible, The first harmonic measured values are listed in
Table 1.
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CORRELATION OF ROTOR AIRLOADS

Figures 18 through 20 present a comparison of the measuired time histo-
ries of section aerodynamic loading with computed airloads based both on
uniform and variable inflow at ag= -5 degrees and forward speeds of
110, 150, and 175 knots for radial stations of 25, 40, S5, 75, 85, 90, 95,
and 97 percent radius. At 99 percent radius, only variable inflow theory
is presented because this station is within the tip loss region for uniform
inflow; therefore, the lift is assumed equal to zero. Also at 99 percent
radius, NACA 0012 airfoil data were used in the theoretical calculations,
for lack of information on the actual section characteristics. Complete
time histories and harmonic analysis of airloads for the remaining test
conditions are presented in Tables III through VIII and IX through XVII,
respectively. The blade surface pressures were integrated to obtain
section aerodynamic loading using the Gaussian technique of Reference 2,
except for stations at 97 and 99 percent radius, where an averaged quad-
ratic method was used. These pressure gages could not be located for
structural reasons at chordwise locations compatible with.the Gaussian
method. The integrated loadings at 97 and 99 percent radius are not as
well defined as at other stations, as only 4 and 3 pressure gages were
installed, respectively, owing to space limitations.

At 110 knots, Figure 18, the correlation of loading is generally good out
to 55 percent radius; but from 75 to 97 percent radius, the measured
data show a sharp rise in the vicinity of 80 to 90 degrees azimuth which
is not predicted by either theory. For all radial stations at this speed,
however, the inclusion of variable inflow improves the correlation with
experiment, particularly on the retreating side of the disk at the out-
board stations.

Inspection of stations 95 and 97 percent radius, for example, shows a
trend which is noticeable at higher speeds as well: a phase lag in the
measured loading in the region of 120 degrees azimuth compared to either
uniform or nonuniform inflow theories. This is a region of high rate of
change of loading with azimuth and therefore one in which there is a rapid
change in shed vorticity from the blade, which would imply that unsteady
aerodynamic effects might be significant. As discussed under the section
"Description of Computational Method", the variable inflow program

used in this study incorporates shed as well as trailing vorticity in the
wake and therefore should ideally account for the lift deficiency and phase
log associated with nonstationary flow. However, the method of Reference
4 has a minimum wake spacing of 15 degrees in azimutk, which is proba-
bly toc coarse to represent the influence of the shed vorticity adequately
in close proximity to the blade. In an attempt to assess whether unsteady
effects are indeed significant, a very approximate calculation was made
of the Theordorsen phase lag (Reference 13); the results indicate that
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there could be a 5-to 10-degree phase lag in loading. This two-dimension-
al analysis, while not conclusive, does tend to support the hypothesis

that a more exact treatment of the shed wake is needed in rotor aerody-
namic theory. Reference 15 suggests that a 1- to 2-degree spacing is
required near the blade, and presents a good discussion of lifting line
versus lifting surface theory with respect to nonstationary flow effects.
Another point to be kept in mind is that, in the computational method used,
the wake trajectory time history is prespecified by the forward and mean
inflow velocities and any change in wake positioning could have a signifi-
cant influence on the computed inflow and loading. An interesting discus-
sion of some of these problems is presented in References 14 and 15.

At 150 knots (Figure 19), correlation of experiment and theory at 25

to 55 percent radius is-similar to the 110-knot case, but two differences
may be noted. At 25 to 5SS percent radius, the variable inflow calcula-
tions show a higher harmonic content than the experimental data. This
effect will be seen to be more pronounced at 175 knots. It is postulated
that this is due to the sensitivity of the calculated results when the blade
is in close proximity to the zero core diameter line vortex which is
assumed in the currently used theory. It is believed that a more precise
definition of wake geometry and chordwise distribution of vorticity could
improve correlation. The second point is that at 25 percent radius, with-
in the reversed velocity region, the variable inflow calculations shows a
positive lift as opposed to the measured negative lift and the calculated
negative lift based on the assumption of uniform inflow. This will be
discussed in more detail in connection with Figure 20. At radial stations
outboard of 75 percent radius, the inclusion of nonuniform inflow improves
the correlation with experiment on the retreating side of the disk as at
110 knots; but an additional effect is noticed, in comparison to the uniform
inflow calculations, on the advancing side of the disk. Here, and in
Figure 20 at 175 knots, the inclusion of variable inflow tends to increase
the sharpness of the drop in loading more in line with the experimental
results. However, the steep drop in loading on the advancing side (which
is more evident in Figure 20 at 175 knots) is still substantially greater
than either theory predicts. The phase lag in loading on the advancing
side, previously discussed, is again evidenced here, similar to that of
Reference 14, Figure 17 and 18. The high-frequency airload at 95 per-
cent radius between 160 and 230 degrees azimuth may be due to the prox-
imity to the blade of a strong tip vortex in practice, not accounted for by
current theory, as discussed in Reference 15.

The correlation of theory and experiment at 175 knots ( 4 = .45 ) is
similar to that at 150 knots-except that the differences noted (Figure 20).
are more pronounced. At the inboard radial stations, the higher har-
monic content of the variable inflow theory on the advancing blade is
more exaggerated, probably due to inexact placement of the trailing
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wakes, and the degree of correlation in the revers :d flow region has
deteriorated.

Subsequent to the preparation of Figures 18 through 20 further investiga-
tion of the computing program used (Reference 4) has indicated that the
inconsistencies in the reverse flow region do not in fact exist and the
variable inflow theory should also predict negative aerodynamic loading
in the reverse flow region. However, precise definition of the airload (
distribution was not available in time for inclusion in this publication.
Preliminary calculations show that only reverse flow airloads are influ-
enced, and these differences do not affect computed blade stresses, to
be discussed subsequently. To put this correlation discussion in proper
perspective, it should be kept in mind that the variable inflow theory of ,
Reference 4 was originally developed primarily for application at low -
advance ratio conditions where the reversed flow region is small, and
the effects shown here would not be important.

On the advancing blade (for example, at 90 and 95 percent radius) an
extremely rapid reduction in measured loading is evidenced, compared
to theory. Reference 15 has postulated that this rapid change in loading
is predominantly influenced by the tip vortex of the preceding blade;
Reference 14, containing data obtained during the present tests under
transient conditions, shows a similar impulsive type load.

The lack of agreement between theory and experiment for this impulsive
type loading on the advancing blade at high speed is disturbing to the
aerodynamicist, and indicates that substantial additional research is need-
ed to understand rotor dynamic airloads properly. However, it should
be remembered that the final result of importance to the designer of a
structurally reliable rotor system is the ability to predict vibratory blade
stresses; and as will be shown in the discussion of blade stresses, the
rotor blade does not respond substantially to this impulsive type of aero-
dynamic loading, as the time duration is short compared to the natural
period of the blade lower order flapwise modes of vibration. The char-
acter of the loading variation with azimuth at 97 and 99 percent radius of
Figure 20 is seen to be quite different than at 95 percent. For example,
the sharp peaks have been rounded off, similar to 99 percent radius at
150 knots in Figure 19. In each case, inclusion of variable inflow sub-
stantially improves the correlation of theory and experiment.

As discussed in connection with Figure 17, each of the theoretical calcu-
lations for which the data are plotted had first harmonic flapping set equal
to the measured value, while for the tabulated calculations the first har-
monic flapping is set equal to zero. For a rotor with zero flapping hinge
offset, there would be no effect of flapping on airloads; but with a finite
flapping offset selected to produce hub moment capability for control,
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first harmonic flapping with respect to the shaft does influence the airload
distribution. However, with the relatively small offset of the CH-34 rotor
system (approximately 3.6 percent radius), the effects are small for
small amounts of flapping. This can be seen from examination of Figure
21, which presents computed aerodynamic loading versus azimuth at 175
knots, based on uniform flow, for 25, 55, and 90 percent radial stations.
Figure 21 represents the condition where the maximum differences in
actual and trimmed flapping occurred; therefore, in the tabulated theo-
retical calculations, the effects of out-of-trim flapping will be less than
shown here. The solid line represents first harmonic flapping trimmed
to zero with respect to the shaft, while the dashed line has longitudinal
and lateral flapping iterated equal to the experimentally measured values.
As expected, the principal differences occur on the outboard advancing
side when the combination of flapping velocity and dynamic pressure is
greatest; the effect is primarily one per revolution, thereby producing a
lateral moment for the lateral flapping case shown.
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EFFECT OF NONUNIFORM INFLOW ON
CACCULATED SECTION ANGLES OF ATTACK

‘The preceding discussion of correlation of theory and experiment showed
that nonuniform inflow considerations based on the method of Reference 4
were significant on rotor airloads at speeds at least as high as 175 knots.
Similar comparisons cannot be made on the basis of local blade section
angle of attack owing to the lack of experimental section angle data.
Therefore, Figures 22 through 24 were prepared to present a comparison
of the theoretical local angle of attack contours over the rotor disk for
both uniform and nonuniform inflow. These conditions correspond to
those where the airload correlations were presented in Figures 18 through
20. Some general observations are apparent from Figures 22 through 24.
The primary influence of the inclusion of variable inflow, as calculated by
the method of Reference 4, is the substantially greater nonuniformity in
computed angles of attack, particularly on the retreating side of the disk.
Also, the angle of attack at the retreating tip is reduced by variable inflow
in all cases; for example, a reduction from 6 to 4 degrees at 110 knots,
from 9.5 to S degrees at 150 knots, and from 9 to S degrees at 175 knots.
The inclusion of variable inflow tends to shift the region of maximum
positive angles of attack inboard, notably in the regions of 225 and 315
degreew azimuth at approximately 50 percent radius, typically by 2 to 3
degrees. Further inboard radially, just outboard of the reversed flow
region, the large negative angles of attack predicted by uniform inflow
theory become positive (110 and 175 knots), or substantially less negative,
as at 150 knots, when variable inflow theory is used.




-

CORRELATION OF BLADE STRESSES

BLADE STRESS TIME HISTORIES

Figures 25 through 27 compare measured blade stress time histories
with calculated stress, for both uniform and variable inflow assumptions,
at 110, 150, and 175 knots forward speed and -5-degree shaft angle.
Stations at 0. 375 and 0. 65 radius were chosen for presentation, as these
represent locations where flapwise, chordwise, and torsional data each
were measured. Also, the 65 percent station is normally the critical
stress station at the speeds and loadings considered in the present study.
Data for the remaining test conditions are given in Tables XVIII through
XXVI as blade stress time histories, and in Tables XXVII through XXXV
as harmonics of blade stress. Although the figures are grouped in terms
of forward speed for consistency, the discussion will consider each com-
ponent of stress at a given speed separately so that trends for a given
component may more easily be seen. The figures are reasonably self-
explanatory, so only the more unusual features will be discussed in some
detail.

FLAPWISE STRESS

The correlation of flapwise stress with azimuth is generally good at all
speeds, as to general stress signature. The agreement on steady flap-
wise bending stress at the inboard station, 37.5 percent radius, is less
than desirable, and the variable inflow calculation is less precise in this
case than constant inflow., Inspection of Tables XXVIIa through XXXVa
shows a maximum discrepancy between theory and experiment of steady
bending stress of 1090 p.s.i. and an average deviation of less than 400
p.s.i.

Throughout the speed range, the principal harmonics of flapwise stress
are the first through third, as seen by inspection of Figures 25a through
27a and Tables XXVIIa through XXXVa. At 110 knots for harmonics

above the fcurth, the stress amplitudes are generally less than 100 p. s.i.

At 150 knots, harmonic amplitudes above the fifth are generally less than
100 p. s.i.; for 175 knots, 100 p.s.i. harmonic amplitudes are rarely
found above the sixth, Compared in the following sketch are the experi-
mental and calculated first three harmonics of flapwise stress in bar-
graph form for the 65 percent radial station, at a shaft angle of -5
degrees.
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It can be seen that, in general, the correlation of the lower harmonics,
which predominantly participate in blade peak-to-peak stresses and there-
fore influence blade fatigue design, is good; the overall peak-to-peak
correlation is shown in Figures 30 through 32. The higher harmonic
content of the experimental data at 110 knots is small; but at 150 and 175
knots forward speed, there appears to be substantial harmonic response
within the region of 90 to 180 degrees azimuth, not reflected in the calcu-
lations, which is attributed to the impulsive type of aerodynamic loading

g described previously in the "Correlation of Rotor Airloads" section. %
2 Because of the short time duration of the aerodynamic impulse compared *
; to the period of the lower order modes, the correlation of measured and

: calculated blade flapwise stress is much better than the correlation of

i airloads. As with the airloads, the inclusion of variable inflow improves
; the correlation of theory and experiment, particularly in the advancing
blade region. Examination of the frequency of blade response in the 90-
to 180-degree azimuth region indicates that the response is primarily
second-mode bending, which has a calculated natural frequency of 2.7
cycles per revolution.
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Examination of Tables XXVIla through XXXVa shows that for all three
flight conditions in Figures 25athrough 27a, both the measured data and
the calculations based on uniform inflow show relatively insignificant
harmoenic content at frequencies above the fifth or sixth at stations inboard
of 8C percent radius. At the 80 percent radial station it may be noted in
the tables that measured seventh and/or eighth harmonics appear for
some of the flight conditions which are substantially greater than 10 per-
cent of the first harmonic (Tables XXXIa, XXXIla, XXXVa). It is seen
in these instances that the uniform inflow theory does not adequately
predict these higher harmonics. At other flight conditions (Tables
XXVIla, XXXIIIa), where variable inflow calculations were performed,
the measured seventh and eighth harmonics are small, while the variable
inflow calculations predict these harmonics to be too large. A study was
undertaken to evaluate the effects of variable inflow on computed seventh
and eighth harmonic flapviise stress at 80 percent radius for Tables
XXXIa, XXXIIa, and XXXVa, and it was found that in all cases the inclu-
sion of variable inflow tended to increase the higher harmonic content
over that predicted by uniform inflow, as would be expected physically,
but that in at least one case the variable inflow predicted fourth and
eighth harmonics larger than the first harmonic, which is much greater
than anything measured. The study also showed t} =t very small changes
in wake geometry have a large effect on the predicred higher harmonics
when the rotor disk is at small angles tc the free stream (thus causing
the assumed wake to pass very close to the rotor). Thus it seems that
the variable inflow theory used in this study tends to increase the pre-
dicted higher harmonic content over that of uniform inflow, which is
more comparable to experimental results, but does not yet pinpoint this
content with sufficient accuracy. Reference 17 has shown that strong
line vortex concentrations, as used in the current variable inflow calcu-
lations, can have a considerable influence on the higher harmonics and
therefore higher modes of vibration. This suggests again that a better
definition of the theoretical wake geometry and vortex field is required.

CHORDWISE STRESS TIME HISTORIES

Figures 25b through 27b present a comparison of measured and computed
chordwise stress versus azimuth. As with the flapwise stress corre-
lations, the figures are rather self-explanatory, so only the salient differ -
ences will be noted in the discussion herein. The degree of correlation

of measured and computed time histories is less precise than with the
flapwise stress discussed above, but this is mitigated by the fact that

the chordwise stress amplitudes are only on the order of 40 percent of the
flapwise stresses, and the agreement on vibratory stress amplitude
(Figures 30 through 32) is good, a fact which is important for fatigue
analysis. However, a better definition of the higher harmonics of chord-
wise stress is desirable, as these are reflected in the blade root shear
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forces which determine aircraft vibration levels. It is noteworthy that

the inclusion of variable inflow has little influence on computed chordwise
stress.

One of the simplifying assumptions implicit in the theory used for the
present correlation is that the lag damper moment, which primarily influ-
ences chordwise stress, is a linear function of the instantaneous lagging
velocity. However, in practice, a typical damper response curve would
be as in the sketch following:

10000 «

Assumed_\,

Damper - response
Force, 1000 < /// \
1b ', Actual response

S/

v |

J
.01 .1 1.0 10.0

100

Piston Velocity, in/sec

The influence of this simplifying assumption is currently under study
independently at Sikorsky Aircraft.

The predominant harmonic of measured chordwise stress is the third,
and both theoretical calculations agree reasonably well at this frequency.
However, there are two discrepancies between theory and experiment
that can be noted, particularly in Figures 26b and 27b, at 150 and 175
knots, respectively.

At 37.5 percent radius in Figure 26b, there is a small-amplitude, high-
frequency component in the measured data which is not found in either
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theory. Detailed harmonic analysis of these data showed that all harmon-
ics greater than the fourth were substantially less than 10 percent of the
fundamental, except for the twenty-first harmonic, which was 15 percent
of the fundamental.

The calculated fourth-mode chordwise bending frequency at this tip speed
is 18 cycles per revolution, which is close to this twenty-first harmonic.
This may be an indication of a requirement for a more exact definition

of the higher mode frequencies in the solution of the rotating beam equa-

tions into the normal modes of vibration.

At 65 percent radius, there is a sizeable 8-per-revolution frequency in
the experimental data which is not reflected in the theory. The theoret-
ical third-mode chordwise frequency is approximately 9 cycles per revo-
lution, close to the measured response. Therefore, a small change in
the computed third natural frequency (along with a better definition of the
higher harmonic airloads) would probably improve the correlation.

TORSIONAL STRESS TIME HISTORIES

The torsional stresses measured at the loadings encountered during this
program were of such low magnitude that the presentation must be consid-
ered qualitative in nature rather than quantitative; however, the results
are presented for the sake of completeness, and a supplemental corre-
lation is presented for quantitative evaluation of the theory under severe
operating conditions. Figures 25c through 27c present torsional stress
time histories for experiment, and both uniform and nonuniform inflow
computations. The vertical scales have been grossly expanded, out of
proportion to the measurement accuracy, to demonstrate qualitative
trends (if the proper scale had been used, no appreciable variation of
torsion stress with azimuth would be evident). Qualitatively, therefore,
the predominant first and second harmonics of torsion stress from the
figures and Tables XXVIIc through XXXVc are in good agreement, and a
discussion of the correlation of the higher harmonics is not considered
appropriate because of the very low levels under consideration. A more
severe comparison of the ability of the Transient Analysis Theory to
predict torsional stress time histories was presented in Reference 16,
which discussed, among other items, similar correlations with test
results obtained on a dynamically scaled model rotor at advance ratios
as high as 1.0, a very severe operating condition. Figure 28, from
Reference 16, compares measured and calculated torsion stress time
histories at an advance ratio of 1.0 (dynamic equivalent forward speed
of 300 knots), and the quantitative correlation with the theory of this
report is seen to be quite good. As discussed in Reference 16, the dis-
agreement between theory and experiment near zero azimuth is believed
to be due to turbulent flow from the relatively large unfaired model rotor
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head. It 1s interesting to note that the phase lag in measured and com-
pnted torsional stress of Figure 28 at 270 degrees azimuth, the region of
maximum change in angle of attack, 1s similar to the previous full-scale
aerodynamic loading data at 90 degrees azimuth at lower advance ratios
such as in Figures 18 through 20.

} EFFECT OF FLAPPING ON BLADE STRESS TIME HISTORIES

Figure 29 was prepared to show the theoretical effect of out-of-trim flap-
ping on flapwise, chordwise, and torsional stress at 65 percent radius and
175 knots, the most severe case, The effects are seen to be minimal.

= VIBRATORY BLADE STRESS AMPLITUDE

Figures 30 through 32 present measured and calculated total vibratory
stress amplitude versus radius for flapwise, chordwise, and torsional
bending for forward speeds of 110, 150, and 175 knots, respectively. As
discussed previously, while the higher harmonic contents of blade stress
are important in that they reflect on the harmonic content of root vibratory
shear forces, the primary criterion for satisfactory blade structural re-
liability is the abiiity to predict blade stress amplitudes accurately.
Figures 30 through 32 show excellent correlation of theory and experiment
in this respect. The apparent discrepancy in torsional correlation is due
to the overiy expanded vertical stress scale previously discussed in con-
junction with blade stress time histories but preserved here for consist-
ency. The absolute difference in torsional stress amplitude correlation,
on the order of 100 p.s.i., is of no practical importance.
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DISCUSSION OF WIND TUNNEL AND FLIGHT TEST DATA

During the test, it was desired to duplicate, in the wind tunnel, a flight
test condition previously conducted on this same rotor blade set, as
reported in Reference 2. The condition chosen to be duplicated is listed
in Reference 2 as Flight 18. Essentially the same value of rotor lift
was achieved: 11, 800 pounds for the wind tunnel data versus an esti-
mated 11, 300 pounds for the flight test data. (Reference 2 lists a range
of aircraft gross weights, rather than specific values at each test point.)
However, a greater rotor propulsive force was inadvertently produced in
the wind tunnel: 2144 pounds versus an estimated flight test value of 1390
pounds (based on 36.5 square feet of parasite area for the H-34 heli-
copter). The increased propulsive force and the -9-degree rather than
-7.2-degree shaft angle reported in Reference 2 thus represent a differ-
ent inflow and loading for the rotors, so these differences should be kept
in mind in the following comparison of wind tunnel and flight test data.

ROTOR AIRLOADS

Figure 33a presents the averaged aerodynamic loading versus spanwise
station for wind tunnel and flight test data as well as theoretical calcu-
lations based on both uniform and nonuniform inflow assumptions sim-
ulating the wind tunnel operating condition. The wind tunnel data appear
to be smoother than the flight test data, perhaps reflecting the more
easily controlled conditions in the wind tunnel. The well defined and
sharp drop-off in lift from 95 to 99 percent radius for the wind tunnel
data is an indication of the existence of a very strong tip vortex, and
supports the hypothesis of References 14 and 15 that simplifications in-
the existing variable inflow theories could be made by representing the
trailing vorticity by a single tip vortex. (However, as discussed earlier,
a more exact treatment of the shed vorticity is required.) Both theo-
retical airload distributions follow the wind tunnel results well. The
only significant difference in the two calculations is that the variable
inflow theory predicts the drop-off in lift toward the blade tip, which the
constant inflow assumption precludes. Theoretical calculations based on
flight test values of propulsive force have indicated that a higher propul-
sive force resvlts in a lower average airload at the inboard stations and
a higher average airload at the outwoard stations. This is in agreement
with the characteristics displayed by the wind tunnel and flight test data
in Figure 33a.

Figure 33b presents a comparison of time histories of flight and wind
tunnel airloads at comparable radial stations. (Wind tunnel data for 97
ard 99 percent radius are listed in Table XXXVI, and harmonics of load-
ing for all tunnel conditions are presented in Table XXXVII.) Discount-
ing the difference in average loading (shown in Figure 33a), the agreement
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between flight and tunnel airload time histories is generally good. The
principal differences in loading signature are noted at 85 and 90 percent
radius in the region of 120 degrees azimuth, where the flight test data
show a sharper drop in lift. The principal harmonics of airload are the
first through the fourth, and Table XXXVII, which presents measured and
computed harmonics of the wind tunnel test conditions, shows good agree-
ment with these harmonics, particularly when variable inflow is included.
Therefore it appears that the major differences in loading of Figure 33b
are probably attributable to the difference in operating condition, that is,
rotor propulsive force and mean rotor inflow, rather than to differences
between wind tunnel and flight testing.

BLADE STRESSES

Flapwise blade stress time histories are compared in Figure 33c. The
stress signature is generally comparable, although the flight test data
have a somewhat higher harmonic content and total amplitude than the
wind tunnel results. If any significant variations of tunnel-induced up-
wash over the rotor disk were present, this would result in an increased
harmonic content of blade stress rather than the reduction shown here,
so the differences axre attributed primarily to the different operating con-
ditions and not to tunnel effects. The reduced flapwise stress amplitude
for the wind tunnel data is in line with the results of Reference 18, which
showed that at a given blade twist, a larger propulsive force generally
reduces flapwise blade stress amplitudes. Table XXXIXa lists the har-
meonic content of flapwise stress for both wind tunnel data and theory

and shows generally good agreement for the significant harmonics, which
tends to support the validity of the wind tunnel data.

Chordwise blade stress time histories are presented in Figure 33d for
the two radial stations at which comparisons car. be made. Additional
wind tunnel data are given in Tables XXVIII and XXXIXb for 65 and 85
percent radius. The correlation of wind tunnel and flight test chordwise
stress is not as good as for the flapwise stresses. In addition to the
difference in rotor propulsive force for the two tests, two other factors
could influence the chordwise stress amplitude. These are possible
differences in lag damper setting between the two tests and possible dif-
ferences in flapping with respect to the shaft, which would introduce
Coriolis moments in the chordwise direction. An examination of these
factors is beyond the' scope of the present study.

Figurée 33e compares torsional stress time histories for both wind tunnel
and flight data at 15 percent radius. (Additional wind tunnel data are
presented in Tables XXXIII and XXXIXc for 37.5 and 65 percent radius.)
As with previously presented torsion stress plots, the vertical scale has
been exaggerated greatly because of the low stress levels encountered,

_ but ‘even at this scale the correlation is seen to be quite good.
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CONCLUSIONS

Analysis of the results of full-scale experimental and theoretical rotor
airload and blade stress correlations at speeds of from 110 to 175 knots
leads to the following principal conclusions.

1. At several inboard radial stations where direct comparisons could
be made, good agreement was obtained with two-dimensional and three-
dimensional chordwise airload distributions. However, at the advancing
blade tip where rapid fluctuations in loading are encountered, there is
evidence that lifting surface theory may be required for an adequate pre-
diction of chordwise pressures.

2, Correlation of airload time histories with thcory was reasonably

good, with the principal discrepancy occurring at high speed in the region

of the advancing blade tip, where a much sharper drop-off in lift was .
measured than predicted (an impulsive type loading). Inclusion of vari-

able inflow in the theory improved airload correlations on both the ad-

vancing and the retreating blades at speeds as high as 175 knots (advance

ratio = 0.45), but improvements 1n the inflow theory are required. Evi-

dence was shown for the need for treating the effects of shed vorticity

more precisely. K

3. Correlation of measured and calculated blade stress time histories
was considerably better than the airload correlation, as the lower mode
blade natural period is long compared to the duration of the measured
impulsive type airload. Excellent correlation of blade vibratory stress
amplitude versus radius was achieved. Inclusion of variable inflow in
the theory tends to improve correlation with experiment of flapwise
stress signature and amplitude, but has no significant effect on chordwise
Or torsion stresses.

A comparison of wind tunnel and flight test results at 110 knots forward
speed and approximately equal rotor lift, but differing by approximately
a factor of two in rotor propulsive force, leads to the following conclu-

sions:

1. The wind tunnel data are somewhat better defined, particularly
with respect to average airloads, probably owing to the ability to hold a
given test condition more closely in the wind tunnel than in flight testing.

2,  Agreement between flight test and wind tunnel test data was gener-

ally good, and the differences could reasonably be explained by the
difference in rotor operating condition.

25




L

T P S

RECOMMENDATIONS

1. Current research on the development of variable inflow theory
should be expanded to include operation at high forward speeds where
reversed flow is significant as well as in the transition region. Also,
a more rigorous treatment of nonstationary flow effects is needed.

2.  Additional correlation of wind tunnel and flight test measurements

should be made under conditions as closely identical as possible to
substantiate further the correlations discussed herein.
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TABLE 11

m“

HARMONICS OF FLAPPING, DEG

V = 110KT ag=0°

L=G62001B D=50LB

V = 110KT ag= +5°

L =8l00LB D=850LB

N EXPERIMENTAL ° UN{FORM INFLOW EXPERIMENTAL UNIFORM INFLOW
A(N) B(N) A(N) B(N) A(N) B(N) A(N) B(N)
0 2,6 - 2.8 - 2,7 - 2.8 -
1 -0.5 2.8 0.0 0.0 0.0 2.8 0.0 0.0
2 0.0 0.4 0.3 0.2 -0.1 0.4 0.3 0.3
3 0.1 0.0 0.1 0.0 0.1 -0.1 0.1 0.0
4 0.c 0.0 0.0 0.0 0.1 0.0 0.0 0.0
V=150KT ag=0° L=8400LB D=250LB V=150KT ag=+5° L =8600LB D-=1100 LB
EXPERIMENTAL UNIFORM INFLOW EXPERIMENTAL UNIFORM INFLOW
A(N) B(N) A(N) B(N) A(N) B(N) A(N) B(N)
0 3.1 - 2.9 - 3.3 - 29 -
1 0.5 3.6 -0.1 0.0 1.1 3.6 0.0 0.0
2 0.2 0.8 0.6 0.5 0.2 0.9 0.5 0.5
3 0.0 0.0 0.3 0.0 0.1 -0.1 0.3 -0.1
4 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0

V=175KT ag=0°

L =7100 LB D=400 LB

V =175KT ag=+5°

L=7300 LB D= 1150L8B

EXPERIMENTAL  UNIFORM INFLOW EXPERIMENTAL  UNIFORM INFLOW
A(N) B(N) A(N) B(N) A(N) B(N) A(N) B(N)
0 2.8 - 2.4 - 2.8 - 2.5 -
‘1 1.0 3.7 0.1 0.0 .8 2.3 0.0 0.0
2 0.2 1.1 0.5 0.7 0.2 1.2 0.4 0.8
3 0.1 0.0 0.4 0.0 0.1 -0.2 0.4 -0.2
4 0.2 0.0 0.1 0.1 0.2 0.0 0.2 0.0
V= 110KT ag=-9%L =11,800 LB D= -2150 LB
EXPERIMENTAL  UNIFORM INFLOW
A(N) B(N) A(N) B(N)
0 a1 - 4.2 -
1 -1.4 3.6 0.0 0.0
2 0.3 0.3 0.5 0.4
3 0.0 0.2 0.1 0.1
4 0.0 0.0 0.0 0.0

NOTE: Harmonics above 4th harmonic are less than 1,10 of a degree.

First harmonic flapping for theoretical calculations set equal to

zero for these operating conditions.




TABLE I1 CONTINUED

V=175KT ag= -5° L =7100LB D=-250 LB

N EXPERIMENTAL UNIFORM INFLOW VARIABLE INFLOW
A(N) B(N) A(N) B(N) A(N) B(N)

0 2.7 - 2.4 - 2.4 -

1 0.2 4.4 0.2 4.4 0.3 4.4

2 0.4 0.9 0.8 0.6 0.7 0.6

3 0.0 0.2 0.4 0.1 0.4 0.0

4 0.1 0.1 0.1 0.1 0.1 0.1

V=150KT ag=-5° L =8500LB D =650 LB

N EXPERIMENTAL UNIFORM INFLOW VARIABLE INFLOW
A(N) B(N) A(N) B(N) A(N) B(N)

0 2.9 - 2.9 - 2.9 -

1 -1.0 4.4 -1.1 4.4 -1.0 4.4

2 0.4 0.7 0.8 0.5 0.6 0.4

3 0.0 0.2 0.3 0.2 0.3 0.1

4 0.1 0.1 0.1 0.1 0.1 0.0

V=110KT ag=-5° L =8300LB D=-750 LB

N EXPERIMENTAL UNIFORM INFLOW VARIABLE INFLOW
A(N) B(N) A(N) B(N) A(N) B(N)

0 2.6 - 2,8 - 2.8 -

1 -0.7 3.5 -0.8 3.5 -0.7 3.5

2 0.1 0.3 0.4 0.3 0.3 0.1

3 0.1 0.1 0.1 0.1 0.1 0.0

4 0.0 0.0 0.0 0.0 0.0 0.0

NOTE: Harmonic above 4th harmonic are less than 1/10 of a degree.
First harmonic flapping for theoretical calculations set equal

to experimental values for these operating conditions.
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TABLE 11 CONCLUDED
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TABLE IV TIME HISTORIES OF ABRODYNAMIC LOADING, LB/IN
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TANLER IV CONCLUDED
Tl o Le@OL PeOL
(b} THEORETICAL (UNI ORM INFLOW)
Blade Radisl Station

v 28R . 4OR .SSR 75K 458 . 90R 95R L9R 99R
0 s.8 8.6 LS 1.8 114 10.6 9.9 0.0
) 6l 8.3 1.5 1.5 10.9 9.9 9.0 0.0
10 65 9.0 1L 4 1.2 10.4 9.2 5.2 0.0
15 6.8 9.2 1.2 10.7 9.8 e.s 7.4 0.0
20 7.1 2.3 11.0 10.3 9.2 7.8 6.6 0.0
25 7.4 9.4 10.6 9.7 8.6 7.1 5.9 0.0
30 7.7 9.8 10.3 9.2 7.9 6.4 5.1 0.0
38 8.0 9.6 10.0 8.6 7.2 5.5 4.1 0.0
o .3 9.7 9.6 7.9 6.4 4.3 2.9 0.0
45 8.6 9.8 9.3 7.2 5.4 3.3 1.5 0.0
30 .9 9.9 9.0 65 .4 L9 -0.1 0.0
5 9.2 10.1 8.8 5.8 13 0.5 -1.8 0.0
0 9.5 10.4 8.3 .1 2.2 -1.0 -3.% 0.0
S 9.9 10.7 8.3 4.3 1.2 2.4 -8.1 0.0
70 10. 4 110 8.1 36 al -3.7 -6.7 0.0
73 10.¢ 1.4 7.9 3.0 -0.8 4.9 -8.0 0.0
%0 iL2 1L.¢ 7.8 2.4 -1.6 -5.9 -9.2 0.6
. 1.1 7.7 2.0 -2.2 6.7 -10.2 0.0
12.4 7.7 1.7 -2.7 7.4 -100 0.0
12.7 7.7 1.5 -3.0 7.8 -1LS 0.0
13.0 7.8 L4 -3.2 4.0 -1L.7 0.0
13.3 7.9 L4 -32 -0 -7 0:0
13.6 8.0 LS -31 2.9 -11.4 0.0
13.8 8.2 17 -2.9 2.5 .10 0.0
14.0 8.4 2.0 -2.5 .1 -10.8 0.0
4.1 8.7 2.4 2.0 -6.5 -9.8 0.0
14.2 9.0 2.3 -1.4 -8.7 -8.9 0.0
14.2 9.4 3.4 -0.7 -4.9 -7.9 0.0
14.1 9.7 4.0 0.1 -3.9 -6.9 0.0
14.0 10.0 .6 2.9 -2.9 -8.7 0.0
13.9 10.3 5.2 1.7 -1.9 -4.3 0.0
138 10.6 5.9 2.5 -0.9 -3.3 0.0
13.6 131 6.4 33 0.2 -2.1 0.0
13,3 1.1 7.0 41 1.2 -1.0 0.0
13.0 1.3 7.6 4.9 2.1 0.1 0.0
s.3 12.6 il.4 51 5.6 EN] 1.2 0.0
39 12.1 1.5 8.6 63 4.0 2.2 0.0
2.3 1.7 1.8 9.0 6.9 4.\ 32 0.0
L8 1.1 1.3 9.3 7.8 8. .0 0.0
I¢ 10.6 1.4 9.6 8.0 6.2 “9 0.0
L) 10.0 1.4 9.9 8.3 6.9 e 0.0
0.9 s.¢ 9.8 1.3 10.1 9.0 7.6 6.6 0.0
67 .8 8.9 1.2 0.3 9.4 8.3 7.4 0.0
a3 4.0 8.3 1.1 10.5 9.8 s 8.0 00
04 32 7.6 10.9 0.7 0.1 9.3 8.6 ©.0
0.3 2.3 7.0 10.7 0.8 0.3 9.7 9.1 0.0
a2 L3 6.4 10.3 10.8 10.5 10.0 9.5 0.0
ol 12 .8 10.0 10.7 10.6 10.2 9.9 0.0
ol 1.0 5.3 9.6 10.6 10.7 10,5 10.3 0.0
0l 0.9 .9 9.2 10.3 10.8 10.8 10.7 0.0
ol oe .3 X 10.4 10.9 1.1 1.1 0.0
ol o7 4.2 .6 10.3 10.9 1.3 1.3 0.0
0.1 0.6 4.0 8.4 10.2 1.0 1.6 1.8 0.0
o1 0.6 38 8.2 10.2 1.1 1.7 2.1 0.0
o1 09 37 8.1 10.2 1.2 1.9 12.3 0.0
o1 1.0 36 8.1 10.3 1.3 12.0 12. ¢ ¢.0
0.0 1.0 38 8.1 10. ¢ 1.4 2.1 12.8 0.0
0.0 L1 36 8.2 10.3 1.8 1.3 12.7 0.0
0.0 1.1 37 8.4 10.7 1.7 12.4 12.4 0.0
0.0 1.3 29 .3 10.9 1.9 12.6 13.0 0.0
0.0 ¢ 4l 8.8 1.1 12.1 12.8 13.2 0.0
0.0 .6 4.4 2.0 1.3 12.2 1.9 13.4 0.0
ol Le 7 2.3 1.3 12.4 131 18.5 0.0
ol 2.2 5.0 2.6 1.7 12.5 132 13.5 0.0
a2 2.8 5.4 2.9 1.9 12.7 13.2 13.4 0.0
0¢ 2.3 s.8 10.2 1.0 1.7 133 13.2 0.0
0.7 332 6.2 10.3 12.1 12.7 13.0 13.0 0.0
0.9 3 6.7 10.8 12.2 12.7 1.8 12.7 0.0
1.2 'y ] 1.0 12.3 12.6 1.3 12.3 0.0
16 .8 7.6 1.2 12.2 12.4 12.2 1.9 0.0
1.9 8.0 8.0 1.3 12.2 12.1 1.8 1.3 0.0
2.3 .4 .3 1.4 12.0 1.8 n.2 10.7 0.0
.7 .8 s.e .3 1" 1.4 10.6 9.9 0.0

-, T W = TR,
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TABLE V TIME HISTORIES OF AERODYNAMIC LOADING, LB/IN
VYel%00r
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TABLE V CONCLUDED
Vel o0 Le®OOLE 0201
(b) THEORETICAL (UNIFORM INFLOW)
%
Blade Radial Siation

v L25R . 40R + §5R 75R 85R .9R 9SR L97R .99R
1] 1 ) 5.2 8.8 13.7 159 16.7 17.1 7.2 0.0
5 2.3 5.7 9.2 13.8 15.7 16,2 16. 4 16.2 0.0
10 2.7 6.1 94 13.8 15.3 15.6 15.5 15.2 0.0
15 3.2 o4 95 13.6 14.8 15.0 i4.6 14.1 0.0
20 3.6 6.6 9.5 13.3 14.3 14.2 13.7 3.3 0.0
25 4.0 6.8 94 1.8 13.6 13 4 i2.9 12. 4 0.0
k] 4.3 7.0 9.3 i1 12,7 i2.5 12. 1 1.5 0.0
5 4.7 7.1 9.1 i3 1.6 13.5 1.0 10 4 0.0
40 5.0 7.2 8.8 0. 4 10.5 10.2 9.5 5.8 00
45 5.4 7.3 8.6 9.4 9.2 86 7.6 67 0.0

50 5.8 7.5 8.4 5.6 7.8 6.8 5.3 4.1 0. -
55 6.3 7.7 8.4 7.9 6.4 4.8 2.8 1.0 0.0
o0 [N ] 8.1 8.0 7.3 4.9 2.7 0.0 -2.3 0.0
65 7.3 8.6 3.0 6.9 3.5 0.6 -2.8 -5.7 0.0
3 7 7.9 2.3 9.3 6.7 2.3 -3 -5.5 -8.8 0.0
75 8.5 10.1 10.3 6.6 1.4 -28 -7.35 1.3 0.0
80 9.1 10.9 it 6.8 0.8 -3.8 -9.0 -13.1 0.0
85 9.8 1.8 12,0 7.1 0.6 4. 4 -9.9 -14.3 0.0
90 0.5 1.6 1.7 7.4 0.4 -4.8 -10.0 -15. 1 0.0
95 111 13.3 13.4 7.6 0.2 -5.2 -11.2 -15.8 0.0
100 1.7 139 13.8 7.6 0.1 -5.7 -11.8 -16.5 0.0
108 12.1 4.4 I4. 1 7.4 0.5 -6.2 -12.3 -17.1 0.0
110 12.5 14,7 i4. 4 7.3 -0.7 0.5 12,6 -17.3 0.0
s 12,7 i5.0 4.6 7.3 -0.7 -6. 4 -12.4 -16.9 0.0
120 12.8 18.2 14.8 7.5 0.5 6.0 -11.7 ~16. 1 0.0
128 12.8 15.3 15.¢ 7.8 o1 -5.1 -10. 6 -14.7 0.0
130 126 15.3 18.3 8.4 Lt -4.0 -9.0 -12.8 0.0
138 12.3 15.3 15.6 9.2 2,3 -2 4 =7.0 -10.5 0.0
140 1.0 15.2 15.8 10.0 3.0 -0.7 -5.0 -8.0 0.0
145 iLs 15,0 15.9 10.8 4.9 1.0 -2.9 -5.7 0.0
150 0.9 14.7 15.8 16 6.1 2.6 0.9 ~3. 4 0.0
. 14.2 i5.7 12,2 7.3 4.0 0.9 -L¢ 0.0
13.7 15.4 12.7 8.3 5.3 2.5 0.5 0.0
12.9 15.2 13. 1 9.2 6.5 4.0 21 0.0
121 1.8 13.4 10,0 7.6 5.3 3.6 0.0
11.2 14,3 13,7 10.7 8.6 6.5 5.0 0.0
10.2 136 13.8 1.4 9.5 7.7 6.3 0.0
9.2 12,9 13.8 1.9 10.3 8.7 7.5 0.0
8.0 12.1 13.8 12.4 iL0 9.6 8.3 0.0
6.8 it.2 13.7 12,7 11.6 10. 4 9.5 0.0
55 10.2 13. 4 12,9 12.1 .1 10. 4 0.4
4,2 9.3 131 3o 12.% 1.8 11,2 0.0
2.9 8.3 1.7 13.1 2.7 12.3 iy 0.0
LS 7.2 12,2 3.0 13.0 12,7 1.5 a0
L1 6! 1L7 12,9 13,1 13.0 13,0 0.0
0.8 5 1.1 12.8 13,2 13.3 13.3 0.0
0.5 4.2 10,4 12.8 13.2 13.6 13.7 0.0
0.4 3.5 9.7 12,2 11 13,7 14.0 0.0
0.2 2.8 9.0 1.8 13.0 13.8 14.3 0.0
[ ] 2,3 8.3 11, 4 12,8 139 4.5 0.0
0.1 1.9 7.6 10.9 12,5 13.9 14.7 0.0
01 1.6 7.0 10.5 12.3 13.8 4.8 0.0
0.0 i.4 6.5 10.1 12.3 13.8 15,0 0.0
0.0 1.2 6.2 9.9 IL9 13.8 151 0.0
0.0 Lo 6.0 9.7 159 13,9 15,2 0.0
0.0 1.0 59 9.7 12.0 14.0 15. ¢ 0.0
0.0 0.9 5.9 9.9 12,2 4.2 15.6 0.0
0.0 Lo 6.1 01 12.4 14.3 15.9 00
<01 L1 6.4 10.5 12,8 14.9 16.3 0.0
01 1.3 6.8 1.0 13,3 15. 4 16.8 0.0

0.0 LS 7.3 1.5 13.8 15.9 17.3 0.0 .
2.0 LY 7.9 12.1 14,4 16.5 17.8 0,0
0.2 .3 8.6 12.8 5.1 17.1 18.3 0.0
0.4 2.9 9.3 13.5 157 17.6 is.8 0.0
0.7 3.5 10.1 14.2 16.3 18.0 19.1 0.9
L1 4.2 io.8 4.8 6.8 8.3 19.4 0.0
.3 4.9 1.6 183 17.1 18.6 19.5 0.0

2.1 5.6 12.2 187 .3 18.7 19.4 0.0 °
2.7 6.4 12,7 ‘5.9 1.8 8.6 19.3 0.0
L4 7.1 131 16.1 17.5 8. 4 19.0 0.0
4.0 7.8 13. 4 16,1 1.3 8.1 8.5 0.0
4.7 8.3 13,8 16,1 i7.1 1.7 179 0.9
52 8.3 13.7 159 16,7 7.1 17.2 0.0
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TARE VI OCONCLUDRD
Vol0R e Loo0ld DPelOW
() THEORETICAL (UNIFORM INFLOW)
Sladc Radial Station
v JA5R . 40R LS8R J73R J85R .S0R LI9SR IR LR
0 37 1.1 10.0 12.2 1.4 0.2 8.6 7.3 0.0
) 43 7.6 0.3 12,0 10.9 9.6 7.9 6.6 0.0
10 4.9 .0 10. 4 1.7 0.8 9.2 7.5 6.2 0.0
. 13 8.4 8.4 10.% H.4 10.2 8.9 7.3 61 0.0
- 20 6.0 8.7 10. 4 11.0 9.9 8.6 7.2 60 00
: P 6.8 3.9 10,2 0.6 9.3 8.3 69 5.7 0.0
% 7.0 9.0 0.1 10.2 9.0 7.8 63 3.0 0.0
~ L) 7.3 9.2 9.9 96 8.2 7.0 53 s 0.0
«® 3.0 9.8 %9 8.9 7.3 87 L ¥ 2.2 0.0
o (X 9.4 10.0 8.3 61 4.2 1.9 0.0 0.0
L) 9.1 10.2 10,3 7.8 4.9 2.3 -0.3 2.7 0.0
% 85 .7 0.8 10.¥ 7.3 LY 0.6 -2.9 -58 0.0
B o0 10.3 11,8 1,3 7.3 2.4 -L4 -8,7 -9.2 00
o8 1.0 12.2 i.e 2.2 L2 -3.4 5.6 <127 00
7 1.8 1" 12,7 7.3 04 4.9 -10.9 ~187 00
73 12,6 14.0 136 7 0.0 -6.0 -12.6 -17.8 0.9
W 13,4 14,9 14,3 3.0 -0.3 -6.6 -186 -19.0 0.0
8 1.2 15,9 18,3 8.1 -0.6 7.1 -14.2 -19.3 00
% 14.8 16,7 159 8.0 -l -7.3 <149 -20.5 0
93 15.4 12,3 16.3 7.6 L3 2.6 -18.9 2.4 0.0
100 159 . 1.8 7.2 2,7 26 -16.8 -22.4 0.0
108 16,2 18.0 16.6 67 -3¢ ~l0e <177 -2 00
110 16. 4 1.2 16.7 63 .37 ~10.7 -18.0 -3 4 0.0
1us 16.8 n. 16.3 66 36 -10.6 -17.8 -231 o0
120 16.4 15.3 16.9 6.7 3.3 ~l01 -17.1 -22.3 00
128 16,2 .3 17.0 7.0 -7 9.3 -18.9 -20.9 0.0
1% 189 8.2 1.1 7.3 -19 8.2 -14.3 -19.0 00
138 185 18.1 17.2 3.0 -0.9 -6.8 -12,6 -16.9 0.0
160 1.8 17.4 17.3 %] 02 -83 -107 -14.6 0.0
148 140 17,8 1.2 9.4 LS .87 .7 -12.2 0.0
1% 13.0 17.0 17.1 10. 2.7 -2.0 -6.6 -9.9 0.0
188 1.6 6.8 16.9 10.7 4.0 0.4 4.7 7.7 0.0
160 9.3 189 16.7 11.2 [ 9 1.0 2.9 -8.7 0.0
168 (Y 1.0 16.4 1h.6 9 2.2 1.8 -4.1 0.0
170 4“8 140 15.9 1.8 66 s -a3 2.7 0.0
178 36 12.8 188 12.0 1.2 .9 09 1.4 a0
180 2.9 11.2 15.0 12.3 7.9 50 2.1 0.0 0.0
188 2.4 8.7 144 12,8 8.7 6.0 3.4 .3 0.0
1%0 19 a2 136 12.8 0.2 'Y 4“4 2.7 Q0
193 LS 44 12.6 1%.0 2.8 7.6 54 s 0.0
200 1.2 (%] .4 1.2 0.5 8.3 63 S0 0.0
208 ¥ .6 01 133 1.3 .3 7.6 62 0.0
20 a0 2.1 8.4 13.2 e 10.4 5.8 3.8 a0
218 04 L7 6.2 12.9 12.4 1.2 9.7 8.6 Q.0
220 0.3 Le 4.3 1.3 1.4 11.6 10.4 9.3 Q0
) 228 «3 Lt L %) 1.5 1.2 1n.7 10.9 10.2 00
: 2% 04 09 2.8 07 ns 1.8 1.3 10.9 Y
238 03 07 2.3 10.0 1.4 0.7 1.7 1.3 a0
0 04 63 1.9 .3 0.1 n.7 1.0 12.1 0.0
: 248 o8 04 16 8.7 108 1.6 12.2 12,3 Q.0
. % oo 03 1.4 8.1 10,8 1.6 12.4 12,9 0.0
. i 288 08 02 1.2 77 0.3 1n.s 1.3 13 00
H 0 s o2 1.1 7.3 .1 1.4 1.3 132 0.0
: FTY) a7 Y] 1.0 7.0 9.9 1.3 12,3 132 0.0
5 awm 06 ol 1.0 (X3 .7 1.2 1.3 ns 00
: s 08 (Y] 1.0 6.8 9.7 15.3 1.6 134 00
H 30 o4 'Y} 14 'Y} 9.8 1.4 1.8 1.6 0.0
% s 04 ol L7 7.1 0.4 n? 13,0 13,9 o0
: % 03 02 2.1 7.4 0.4 12.0 134 14.2 0.0
£ 298 o4 02 2.3 7.8 10,9 1.4 187 7% 0.0
: 00 03 o3 .8 (X n.s 12.8 19 1.6 0.0
%8 o2 od 3 %1 1.7 131 "1 7% 0.0
310 0} 0.6 X .3 2,0 133 14.1 14.6 0.0
s ol o8 48 L X 12,3 134 1Y 14.4 0.0
20 ol 1.0 52 10.2 1.8 134 14.0 14.3 (Y]
s Y] 2.6 "0 0.6 12.6 134 1350 .0 0.0
0 (¥ ) (Y] .7 "1 1.7 133 16 156 a0
28 o4 .8 e 1.8 1.8 N2 13.2 13.0 00
0 07 46 3.0 1.9 12.8 12.9 2.6 1.2 a0
) 'Y sS4 e 1. .7 1.3 n.s 1.0 0
3% 2.3 Y] (Y 1.2 2.4 0. 0.6 %6 a0
s 0 “e LX) 1.2 e e .3 8.3 a0
£ L7 7.1 o 1.2 "ne 2 s.6 % a0
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TABLE Vi TIME HISTORIES OF ARRODYNAMIC LOADING, LB/IN
VeI e=0® Le70L BeiuOld
(a) EXPERIMENTAL ;’
Blade Radia} Station
¥ .25R . 40R .55R .I5R .85R . 9UR L95R 97R 9R
0 -3.7 -0.2 4.3 1.4 13.6 10.6 9.4 4.3 -7
$ -0.8 0.1 2.2 1.2 1t,? 7.6 6.7 2.7 2.5
10 L5 2.0 2.5 9.9 10.3 6.3 5.4 2.1 -2,9
- 15 .S 2.7 4.6 9.4 9.5 6.0 4.3 L8 -3.3
20 1.6 2.3 5.1 9.7 9.5 6.8 4.6 2.2 -3.2
28 1.0 .5 6.1 10.6 0.6 7.7 6.2 3.3 2.8
0 0.9 a9 7.4 12.3 12.7 9.8 8.7 4.9 -2.0
35 14 4.5 8.1 14.0 15.3 12.4 10,9 6.5 -1.7
40 2.1 4.9 8.5 15.0 16.5 13.4 1.2 6.5 -57
. 45 1.7 5.0 8.6 15.5 16.4 13,2 11,3 6.5 L6
50 L7 5.1 8.7 15.6 16.3 13.8 11.8 9.1 -L?
55 2.0 5.4 8.9 15.7 16,2 13.4 13,4 10.9 2.8
0 2.2 6.l 9.2 15.8 15.2 1.8 1a.9 9.6 1.4
) 2.7 7.0 9.8 15,2 13,9 10.7 18.0 7.5 4.8
70 3.2 7.5 10, 4 14.7 13.1 10.7 2,1 59 4.3
75 3.8 8.1 10.7 14.4 12.7 13.5 19.0 40 3.5
80 4.7 8.7 10. 8 14.5 2.9 14.2 13.1 05 -0.6
85 5.9 9.2 TN 15,2 1.9 10 0.9 -0.8 -6.0
%0 7.3 10.4 1LS 18.7 6.8 2.4 7.2 -0. 1 7.7
95 8.8 1,6 119 15.0 ‘L8 ~16,0 -8.7 0.8 8.4
100 10.4 12.4 11,8 1.3 -8.7 -19.3 -1.7 “2.1 -9, 6
105 il4 13,2 1.9 .1 -4 -19.7 -21.8 -3.7 -10.7
110 12.2 13.8 12.3 L1 -12.8 -22,0 -23.8 4.8 -10.8
15 13.2 14.4 12,8 0.3 -13.9 -22.4 -23.9 -8 1 -10.9
120 14.2 15.1 13.8 -0.6 -13.2 -14.6 -23.% -8.8 -1.7
125 14.8 16,2 15,2 0.3 -1L0 9.5 -14.9 -10.2 -11,0
130 15.1 17.2 5.1 1.9 7.6 9.0 9.9 -10.0 8.4
138 15.5 18. 1 14.8 39 -4.0 -5.8 -8.3 -8.3 -7.3
140 15.9 18.6 15. 4 5.6 -0.7 -2.1 5.2 -3.3 6.2
145 15,9 18.7 15,7 7.0 2.7 0.7 2.5 -0, 1 4.6
150 16.0 18.6 16.2 8.7 4.3 2.9 -0.9 i -3.0
155 15.8 18.3 16.1 9.9 6.1 41 -0.§ L8 2.4
160 15.2 17.7 16.0 10.6 7.8 5.2 -1 1.6 2.8
165 14.4 16,7 16.0 1.0 8.5 6.0 -0.8 1.6 2.6
170 13.2 15.7 15.9 11,5 8.8 6.1 0.4 2.0 -2.4
175 12.8 14.3 15.6 12.2 9.4 6.8 5 2.9 -1.7
180 IS 12.8 15.2 13.1 10.5 8.1 4.8 4.0 -0.3
185 9.3 1.2 14,6 13.7 12.0 9.3 6.3 4.8 0.6
190 7.7 9.7 14.0 14.4 13.5 10.8 68 8.2 1.1
195 5.9 8.0 12.6 14.6 14,8 117 5.3 S.4 1.4
200 4.0 6.4 1.2 14,6 15.6 13.1 5.0 6.0 1.9
208 2.5 S1 9.9 14.5 16, § 14.0 62 67 23
210 LS 4.0 8.6 14.2 16,2 14.1 7.8 7.4 2.8
215 0.7 31 7.3 13.6 15,9 14.2 9.7 8.3 3
220 0.1 2.2 6.1 13.0 15.4 4.4 12.0 8.9 4.7
228 -0.7 Le 5.0 12.2 14.6 14.0 12. 1 5.3 5.0
230 -L2 0.9 41 i1 13.8 13.0 11.0 8.5 4.7
238 -1.8 0.3 33 10.1 13.0 12.3 9.8 8.2 41
240 2.1 01 2.7 9.6 12,2 12,0 9.5 8.1 a9
245 -2.3 -0.4 2.2 8.8 1.4 1.4 10.0 8.2 36
250 2.8 0.4 1.8 83 10.9 ni 10,5 8.2 3.7
255 2.9 -0.6 L4 7.9 10.6 10.4 95 8.0 2.9
2 -3.5 -0.9 1.2 7.8 10. 4 10.0 8.5 7.7 2.3
205 -4.2 L1 10 7.2 10.3 in.0 9.0 7.9 2.0
270 ~4.2 -12 1.0 7.1 10.2 9.9 10.4 8.2 1.9
275 -4.2 -0 1.0 6.9 10,0 10.5 121 5.8 2.2
4.1 -0.8 1.0 6.9 10.0 10.6 12,6 8.3 2.0
28% -3.9 0.7 1.0 7.0 10.3 10, 4 1.3 8.6 1.1
290 -3.5 -0, 4 11 7.2 10.7 10, 1 10.4 5.6 03
9% 2.4 0.4 1.3 7.6 11,3 10.6 10.8 8.8 -3.1
* 300 -L3 0.1 L4 8.1 12,0 1.2 12.5 9.3 -0.2
05 -1.2 0.2 L7 86 12.8 12.6 15.4 10,2 0.2
310 -1.3 05 2.1 9.4 13.6 13.3 16,6 0.7 0.5
313 -0.6 LO 2.5 9.9 14.7 14.3 16,7 1.2 0.2
320 o1 1.0 2.6 .7 15.8 15.8 1.5 1S 0.4
s 0.3 0.7 2.9 1.6 16.4 16.9 7.8 10.9 -1.8
. w 0.3 LS 4.3 13.0 18,5 17.6 17.3 10.3 -1.4
333 0.4 2.4 5.4 14.2 19,6 18.3 18,1 0.4 -1.8
340 1.2 2.6 5.9 15.3 20,5 18.9 19,3 10.9 -L4
345 0.3 2.5 57 14.6 2.2 19.8 .3 1.3 -1.7
3% ‘L6 3.7 4.2 13,0 2.5 .1 0.7 12.4 1.2
358 2.6 31 4.3 12.2 15.6 16.8 7.2 9.4 -1.0
360 -3.7 -0.2 43 1.4 136 10.6 9.4 43 -7
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TABLE VIl CONCLUDED
YelSE a0 LeTOW DeiOL
(b)Y THEORETICAL (UNIFORM INFLOW)
\ Blade Radiat Station
[ 258 J0R . 85R TR 85R LR (95R .97R L99R
[ 1 5.2 8.t 1.0 1.5 1.1 10,3 9.5 [TX1]
5 2.6 5.7 8.4 [T} 1t 103 9.1 8.0 0.9
10 31 6.0 [N] 1.0 0.6 9.5 8.0 6.7 .0
15 36 6.3 8.7 .8 10.0 8.8 7.1 5.9 0.0
W 4.1 6.6 8.7 10. 4 9.5 8.2 6.8 56 0.0
25 +5 6.8 8.6 9.8 3.9 7.9 6.7 5.7 0.0
30 4.9 7.0 8.4 9,1 8.3 7.6 6.6 5.7 0.0
35 53 7.0 8.1 8.2 7.6 7.0 6.1 5.2 0.0
v 0 57 7.1 7.7 7.3 06 5.9 4.9 3.9 0.0
45 6.1 7.2 7.4 6.3 54 4.3 2.9 1.6 0.0
30 6,6 X 7.2 5.8 4.0 2.3 0.1 -1.8 0.0
55 7.1 7.8 7.4 5.3 2.5 0.0 3.2 -5.8 0.0 -
o 2.7 8.4 7.9 5.1 L2 -2l -6,2 -9.6 0.0
65 8.4 9.3 9.0 5.7 0.8 -3.3 8.2 -i2.1 0.0
70 9.1 10. 4 10, 4 6.6 1o ~3.7 9,4 ~13.5 0.0
& 75 10,0 1.6 11,8 7.4 1.0 42 <01 -14.3 0.0
80 10.8 12,7 12.8 7.3 0.2 5.0 2.1 <15.9 0.0
i 85 16 13.6 13.5 7.4 0.8 -2 -14,3 -18.0 0.1
% 12,4 14,4 M1 7.4 L4 8.4 -16.0 19,7 0.1
95 13.2 15.2 1.7 7.6 18 9,0 -17.0 S20.9 -0
100 13.8 15.8 15.2 7.5 2.4 9,6 -17,7 AN -0.1
105 14.3 16,3 15.% 7.2 DR -10.2 18,2 -23.3 -0, 1
1o 4.6 16,6 15.7 6.7 3.3 10,7 18,6 “24.6 0.1
1S 4.7 16.8 15.7 6.3 -3.9 1.2 188 -24.6 0.1
120 14.7 16.8 15.5 5.6 4.7 11,9 -19. 4 =250 0.1
125 14.6 16.6 5.2 5.1 -5.2 “1.4 “19. 6 -25.1 -0.1
130 4.4 16,3 14.9 7 -5.3 -12,4 -19.5 -24.7 -0, 1
135 141 16.0 14,6 .7 5.1 1.7 ~18.5 -23.4 00
140 13.7 15.7 4.5 5.1 -4.0 -1 2 -16.4 -2, 1 0.0
. 145 13,2 15.5 14.7 61 2.3 D] -13.5 -17.6 C.0
f 150 12,3 15.3 14,9 7.2 <0.3 -5.3 =42 -13.8 0.0
155 1.7 15.9 15,0 8.3 [N -4 271 -1, (1%}
160 10,6 4.5 15.0 9.3 3.3 0.6 -4.2 -6.9 0.0
165 9.5 13.8 i4.9 10. 1 4.7 1.2 -2,0 -4.3 0.0
70 8.2 12,9 4.6 0.7 5.8 2.7 -0.2 -2.2 0.0
175 6.4 1.9 4,1 18] 6.7 3.9 1.2 -0.7 0.0
180 3.5 o8 13.4 1.4 7.5 4.9 2.4 0.6 o0
185 2.3 9.5 12.7 iL5 8.2 5.8 3.4 (X} 0.0
190 1.6 8.2 11.8 1o 8.8 0.6 4.5 2.9 0.0
198 L1 6.6 0.9 1.6 9.3 7.4 5.5 4.2 0.0
200 9.7 4.5 9.9 ine 9.7 8.2 6.6 3.4 0.0
,4 2, 0.4 2,4 .8 14 1. ¢ L s [ 0.0
gV 210 0.2 L6 7.7 1.2 {0 9.4 8.3 73 0.0
oy o 215 0.1 L1 6.4 10.9 0.7 0.0 9§ 8.4 0.0
220 0.1 [TX] 31 10. 4 0.9 0.5 9.8 9,2 0.0
Z 223 0.1 0.5 4.0 9.8 .9 0.8 HiI 10,0 0.0
& 23 0.0 0.3 3.0 9,0 .7 10,9 HIX 10.6 0.6
#1 233 0.2 0.2 2.4 N1 10.3 0.8 N1 1.0 6.0
. i 240 0.5 ol LY w2 9.7 .6 1.2 1.4 [1X}]
- g; 248 0.8 0.0 1.4 6.4 9,1 n3 "n.2 1.7 0.0
= 250 -1.2 0.0 L1 5.6 5.3 29 Lt 1.9 0o
g 255 -1.3 0.0 o9 5.0 .9 9.6 N} 12.0 .0
a5 260 L5 0.0 L7 4.3 7.3 9.3 10,9 12.0 0.0
% 2068 -6 iy 0.5 4.2 7.3 LN s 12,0 0.0
-l.6 0. 0.4 4.0 .2 9.0 0.8 12,0 0.0
-l 0. 1 ¢4 kX ] 7.2 LN 10.8 1.9 0.0
“1.5 U, 1 0.3 4.4 .3 9.2 .9 12,0 0.0
L4 0.0 0.4 4.2 7.5 9.4 1.0 12,1 0.0
-1.3 0.0 (1] 43 8 9.6 1.3 12. 4 0.0
aN} 0o 0.7 49 8.2 10.0 n.s 12,8 0.0
-0.9 0.0 0.9 5.4 8,7 0.5 12, ¢ 13.2 0.0
N7 w0 1.2 H.0 9,2 tht 1.6 13.6 oo .
04 [19] 1.6 (X 9,9 1.6 13.1 14.0 0.0
-3 v.2 2.2 .3 103 12,1 13, 4 14.2 30
1% w3 7 LX) el 12.3 13.6 14.3 0.0
0.0 0.9 3.4 "7 i3 1.8 (K 14,2 0.0
o L3 41 9.3 H.a 12,9 13.6 4.0 0.0
(8] LY 4.9 9% 12,0 1.5 13,4 13.7 0.0
03 2.6 57 0.2 12,0 128 13.2 13.3 0.6 .
ow> 33 6.4 1, 3 120 2.6 12,8 12,8 0.0
’ [ ] 1.0 Tl 10,7 1.0 (K] 12.2 12,0 0.0
Lo 4.6 ) () 1K) (IR 1.4 .9 0o
L1 5,2 8.1 .o 1L 3 1 n3 9.3 0.0
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TABLE XVIII TIME HISTORIES OF BLADE STRESS, PSI
V=110 K ag=-5° L = 8300 LB D = -750 LB

Chordwise JStress | Flapwise Stress Torsional Stress
- r/R r, & r/R
' . A5 .80 .15
- 1 1
0 -1790 1111 5209 -1393 133
" 5 -1697 1076 5262 -1351 150
10 =1597 1053 5315 -1279 164
15 <1547 1036 5432 ~1C81 176
20 -1460 1094 5532 -817 217
25 | =1354 1215 5526 =547 251
30 =1279 1278 5509 =354 251
35 -1192 12414 5385 -150 256
L0 -1073 1232 5127 -96 251
L5 -911 1261 4863 -18 233
50 -811 1255 L675 78 231
55 ~805 1215 L48)1 6 239
60 -824 1226 4211 -180 243
65 =780 1284 LOL] 487 249
70 ~761 1342 3917 925 255
75 -792 1272 3771 -1255 266
80 799 1186 3618 1567 270
85 ~-780 1163 3412 -1808 270
90 ~T42 1163 3266 -1988 262
95 =749 1134 3183 -2162 249
N 100 =774 1134 3172 -2174 207
105 =1Lz 1146 3136 -2036 176
I 110 =711 1146 2019 -1880 W7
97




TABLE XVIII CONCLUDED
V=110 KI. Gg=-5° L=g8300LB D=-750LB
Chordwise Jtress Flapwise 3tress | Torsional Stress
y» D26 r/R r/R r/2 r/R r/R
.15 .30 b5 .80 .15
155 =337 1347 2813 -1784 3
160 =337 1405 2860 -1516 15
165 ~343 1532 2927 2042 5
170 -393 1566 3025 -2084 3
175 -493 1503 3113 -2078 7
180 ~530 1440 31 -2072 1
185 -505 1370 3336 -1994 -9
190 -4,68 1301 3506 -1934 =5
195 ~480 1238 3694 -1874 -1
200 =524 1220 3888 -1766 11
205 -655 1203 LO76 ~1597 35
210 ~-805 1215 L2410 -1357 58
215 -936 1249 4493 -1051 68
220 -1017 1295 L734 -817 80
225 ~-1110 1284 4957 -6C1 8L
230 -117° 1232 5180 -439 80
235 -1260 1174 5403 =300 78
240 -1291 1151 5614 -162 82
245 ~-1285 1197 5785 6 92
250 -1310 1272 5902 132 86
255 ~1435 1255 5943 294 %
260 -1535 1215 5937 408 86
265 ~1566 1278 5896 540 94
270 ~1566 1342 5867 667 103
275 -1578 1313 5808 721 13
280 ~1584 1272 5720 L5 133
285 -1578 1238 5620 703 121
290 -158L 1206 5509 643 88
295 -1653 1163 5403 558 76
300 -1691 1192 5291 390 5k
305 -1734 1261 5168 150 37
310 =1747 1255 5098 -7 29
315 -1784 1163 5033 ~396 3
320 -1753 99 4957 697 29
325 -1697 71 4892 ~9€1 AN
330 ~1684 1042 4351 -7 62
335 1747 1030 4810 -1285 90
340 -1809 1053 4839 -1357 99
345 -1834 1128 4904 -1381 123
350 -1840 1163 5033 =1417 127
355 -1834 1151 5133 ~1429 125
36C -1790 1113 f_L 5209 -1393 133

109

L Sl s




gy
-~

[
gee o€ L= 9161~ 607~ 8902 OLSE 82t 710T LES 665- 0¢tT ,
€22 9% oA [at:1w 556~ 891 OLSS, 8T 096 . 08L 9¢9- T {
Loz 2% b= 1991 czet- TooT 8LLE 66€T ¢eg8 1 498 o9~} ovt A
122 " L T8€T- YT~ 2502 §L6E €5ET 6SL  an 199~ €T ﬁx
e 4] €1 €Lt S6LT- 0sTe 917 | soet 9 0z o€l 0€T i
Sé2 @t rd Lect OLLT 9see 8L 08Tt 967 99T 66L- A i
80¢ SLT 9 £991~ SEST- T6€2 860% AN 857 LLe 9gg- | o1 £
0]19 gee LoT 9602~ 64T~ o woTY LT 85Y LA 986~ | STT "
86¢ 662 291 n9¢€e- 986~ €LST Leen 62T 659 ™ 1101 oTT L
057 z6¢ 122 NASA 50T~ M8z 62t 8TICT 8¢ €le- £20T- ot ”
09 99% z8e oLz~ LE6- LEOE SL9Y T0¢T $1¢ €91 7001~ 00T :
1294 20% 149 A6~ 194~ 620t 1899 LT LLg 09¢ 6L6~ ¢6 1.
€5 88y 61¢ ¢9Te~ 081~ 0662 959% L0t nLZ €92 986~ 06~ b
LSS 88Y 0ot 981g- 261~ 0962 ‘M9Y NeEnT S62 06~ 96- 8 %
zes 8 88z a10e- 06T~ 6T0€ 699Y MTT Y 92z 620T- 08 ,
05 90Y z92 rAVAS Stre- TO€E €906 1921 95 8Y¢ 62T~ sl i
LLv 09€ €€e 6EET- Lee- $99¢ 6559 8TET L9 L ELTI- oL ¥
9% 149 861 196~ X T76€ 9sLS £SET €9 L9e- 8611~ 59 - B
ey 9Tg 26T | sbsm 12¢ Z86¢ 29LS 6meT 128 2LT sYTI- 09
A 96% €1 $86= 10Tt oLov ™es SOTT 80% 6Ly 1501~ ss | —
e 43¢ €z €6L- €5HT 66T 8¢ | ot €€g L= 266~ os | - .
6% e 454 L09- 9981 zsen 0L9S FAARE 199 €T ot~ § Sv v
LeY e 85z pTA €Lt oYey 809 61T 9 462 A gl of 3
o'y 99¢ 952 H0$ Seet 98LY €9 €02 Les 80T~ 86T~ | <€ o
9LE 0zE c1e 9LS ZHET 010§ 92L9 £T€T s 6TH- 6T~ | o€ -
9LE €Le 761 08T 6€5T L6 76€9 . O€ET 189 80T~ 8T~ 1A § A4
26E S92 Lt 45% €L8T cesy geey | eoit £y 99 9IsT~ | ® |
“€9¢€ 682 Nt 60€T~ LSTe SLLY 88€9 ot 9Lz (A T 09T~ | ST i
oY T0€ 191 LLT- 9291 oT6N Loy | s8sot (074 ot$- zLst- oot
oy 9TE w91 1 L9eT- 90T 150§ 859 880T 02z 79¢~ wst- § s |
76¢ 0€¢ 861 6817~ ogL  gges LSL9 ) LSTT 19 et 89T~ f 0
c9- clcr st | o 59° o ae | os 59° cLet st Lo
u/< y/a ¥/ /x ¥/ g/ /4 a/x 4/a 8/ gix fFE0h .

'§5919¢ [BUOTSIO], ' ssaaqe astrdery , s8919¢ mw.mzvp.ozc DR ' S ,
g10§ =0 €1 002§ = 1 o0 =Sp I3 OTT = A ,
ISd  ‘SSEYLS AUV J0 SHIYMOLSIH FWNLL XIX FIGV.L ‘

i
¥
i




s i by oW < % s

e —— AV eSeds 2 K 3

111

I MRt

TABLE XIX CONCLUDED
Ve0oXr ag=0° 1 = 8200 1B D=5 18
Chordwise 3Stress Fl_Agwise Stress Torsional Stress

r/R r/R r/R r/R r/R r/R r/R /R r/ r/R r/t

¥, D26 .15 375 .65 .80 375 oh5 .65 .80 W15 375 .65
155 ~574 811 1085 1457 3803 2220 =-1146 ~1814 =10 38 229
160 -480 nos 1110 1509 3987 2320 -1282 ~1706 =34 14 221
165 -487 786 1098 1526 4092 2338 =-1307 -1730 -28 ~12 178
170 =505 537 1010 111 4159 2361 -121s ~1802 EINN =12 151
17 =524 75C 928 1336 K227 24,20 ~1066 -1922 -56 =30 182
180 =524 993 860 1365 LL35 2561 =912 ~2030 -34 ~4 161
185 =574 658 8C3 1353 4755 2866 -850 -1988 =14 16 141
197 674 287 784 1318 5080 3277 -881 -1904 =5 6 157
195 =755 251 778 1324 5479 3659 =7 -1880 21 26 161
200 =811 439 734 1359 5657 3906 418 1844 L6 42 135
205 -880 AN 6M 1318 5762 4064 45 -18C8 68 86 155
210 -986 93 596 1238 5891 4199 558 -1597 72 111 192
215 ~1042 -187 540 1215 6001 4428 934 -~1207 84, 117 209
220 -1073 =157 515 1295 6259 4675 1231 -715 94 116 17¢
225 -1123 -108 502 1278 6585 5004 1422 ~258 8L 111 159
230 -12C4 7 77 1238 6843 5233 1626 60 86 95 168
235 ~13C4 -78 4,58 1244 6978 5397 2002 84 9C 115 159
240 -1335 -267 L52 1232 6941 5497 2329 66 72 113 180
245 -1366 ~455 471 1244 7008 5638 2583 -18 62 91 188
250 ~14CL -382 508 13¢7 7125 5779 37 48 86 82 151
255 ~-1422 -230 571 1342 7236 5890 2632 186 7, 82 157
260 -1416 -17 58L 1365 7322 5914 2607 24,0 ec 76 188
265 ~1366 -60 59C 1388 7279 5826 2706 22 as 99 182
21C 1347 ~-291 508 1342 7057 5644, 2848 12 7% 99 176
275 -1422 ~212 465 1220 6867 5391 2984 -96 60 91 198
280 =1472 208 465 1180 671, 5291 2959 60 90 95 205
285 =1472 PATA 521 1284 6689 5303 2700 294 107 111 200
290 =1466 -260 609 1382 6677 5286 2366 558 111 141 227
295 ~15C3 -437 590 1359 6560 5151 207 685 96 153 258
300 -1541 -163 471 1245 5394 4904 2231 342 88 143 238
305 ~1528 99 339 1157 6149 4599 2,16. L TAA 54 111 219
310 -1485 -35 226 1117 5903 4587 2286 <499 33 121 227
315 -1478 =473 5 1099 5909 4728 1953 -805 33 117 238
320 -4l -607 145 1122 6179 4839 1533 =973 52 137 204
325 =1572 577 170 1140 6300 4880 619 1099 72 160 269
330 ~-1691 -431 182 1099 6511 4892 37 ~1327 78 193 308
335 -1821 -200 157 1094 6578 4739 811 -1567 9% 215 326
340 -1846 =321 176 1094 6364 4557 903 =172, 149 261 349
345 -1834 ~668 245 1163 6345 4628 1064 <1742 172 316 390
350 -1778 =741 289 1169 6517 4951 934 =1L47 190 338 421
355 1715 =479 289 1136 6671 5192 576 -1057 217 334 400
ébo -1678 =145 264 1157 6757 5233 730 -1189 198 330 394
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TABLE. XXI TIME HISTORIES OF BLLADE STRESS, PSI
V=150 KT -ag= -5° L = 8500 1B D = -650 LB
" Chordwise Stress | Flapwise 3tress °fJTorsional Stress
le. - /R r/R r/R r/R r/R
| A o5 w | s g0 | .15
0 - =1797 704 5728 - =14k53 | 205
5 1 1685 785 6018 -1236 | 223
10 - -1635 924, 6475 -856 | 233
15 | -1585 1074 6866 -482 : 276
20 -1566 1236 6961 =332° 314
25 -1504 1351 6860 -410 310
30 -1397 1369 6635 -332, 318
35 - =1191 21 . 6398 ~-108 353
LO - -897 1501 6315 398 . 389
L5 =685 1542 6131 826 413
50 - =610 1403 5680 814 § 437
55 - =566 1288 5164 422§ 431
60 ~-497 1340 4809 -96 { 419
65 -466 1369 1,566 ~17 } 419
70 =510 1247 1,269 -1170 § 423
75 ] -560 1166 3955 -1471 | 415
80 ~497 1097 3694 -1507 409
85 =403 1005 3403 -1682 415
90 -385 912 2977 -2207 - 383
95 -397 855 2662 -2623 332
100 - =353 953 2650 -2563 258

105 =391 11314 2793 -2267 | 173
110 Y 1230 2728 -1875 | 98
115 - =572 1288 2,31 - -1538- 15
120 | 566 1455 2093 - -1399 -80.
125 | =460 1571 1779 -1212°1 -128
1306 ~285 1646 - 1548 -1194 -140
135 =66 1623 1583 -1103 | -136
140} 178 1611 1785 -1061 § -12,
U5 212 1576 1986 -1248 ~-106
L50- 228 1484 - 21 =1622° =98
: — . S L

114




TABLE XXI CONCLUDED

V=150 KT ag= -5°

L = 8500 LB D = -650 LB

~ Chordwise Stress: | Flapwise 3tress Torsional’ Stress
, r/R: r/R | r/R r/R - r/R
W, DEG A5 .80 45 .80 15
155 66 1507 2218 -2122 | -100-
160 -84 1675 2224, ~2665 =74
165 -216 1802 2265 -2979 =49
170 -303 1761 2502 -2955 =35
175 -285- 1542 2828 -2810 | -33.
180 =197 1299 3101 -2659 | <13
185, -109 1126 3249 -2707 -7
190 -159 1039 1 3439 =274 -5
195 =316 1091 3676 22629 11
200 -522 1276 | 3961 ~2261 27
205 -697 1496_ 4,269 -1640 23
210 -860 1553 | 4637 -886 33
215 -9i7 Lkl 1915 -326 56
220 -1028 i276 | 5159 . 60 76
205 -1078 2149 5419 223 112
230 ~1153 1132 5740 338 || 11
235 -1303 1207 | 6149 495 213
240 ~1472 133 5| 6582 724 239
215 <1697 1351 6896 935 252
250 -1879 1259 6979 1086 268
255 ~1985 173 | 69 1188 270
. 200 | -1972° 1143 6825 1315 282
265 -1291 - 1143 6759 1574. 306
270 -1835 1201 6651 1773 336
275 -1835 1218 6463 1900- 342
280 =1797 1247 6255 1845 342
285 -1835 1340 5995 1610 322
290 -1841 1369 5787 1260 262
295 -1860 . 1351 5585 8L 219
300 -1841 W32 | 5408 422 191
205. =1741 1426 5277 36 155
310 ~1641 1363 5170 -271 108
315 -1579 1224 5064 -615 T
320 | -1&79 1062 4,862 -£98 27
325 -1516 982 | 4672 -1170 =17
330 -1629 947 L655 -1242 =3
335 ~180L 97C 14803 -116i 27
340 21897 1057 4987 -1121 66
345 ~1891 1143 5212 -1127 130
350 -1885 107, | 5h4O -1206 165
355 | -1866 - 866, )} 5591 -1393 181
: 366 | -1797 704 5728 ~1453 205 1
. —
115
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TABLE XXIV TIME HISTORIES OF BLADE STRESS, PSI
V=175 KT ag= 5%

L = 7100 LB

D = -250 LB

Chordwise Stress |. Flapwise Stress [lorsioml Stress

r/R r/R . r/R r/R r/R
W15 .80 45 .80 15

R —
0 =132} 498 569L <1575 227
5 -~1298 567 6103 -1032 259
10 1267 761, 6685 =267 269
15 -1280 1105 6988 239 293
20 =1342 1331 6922 372 327
25 -~1280 1475 6804 396 321
30 -1129 1620 6715 547 331
35 -846 1695 6548 872 4LOL
40 538 1655 | 6483 129, | 479
L5 -369 1579 6305 1385 503
50 ~256 1487 5646 987 519
55 -218 1469 4999 191 531
60 -318 1423 4643 =54l 509
65 -362 1377 L459 ~1147 515
70 =375 1365 4150 -1701 525
75 ~356 1232 3753 -1912 533
80 =369 932 3492 -1846 533
85 381 6 | 3040  -2099 | 517
90 ~325 723 2411 ~2606 479
95 312 816 2186 -2600 | 420
- 100 -406 995 24,65 -2093 297
L 105 557 1128 2551, 21533 | 188
© 110 470 128L 210, -1093 75
115 ~Th6 T46L 1746 864, -38
1200 | <670 1631 1Lkl =755 | -161
o 125 | -469 1707 1058 =731 =221
- 130 ~161 1782 779 -828 =215
135 153 1764 94,5 737 | -256
140 366 1660 1189 =797 | -264
BV 329 1533 | 1331 ~1153 =243
150. 285 1545 1 1444 =174} =217
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TABLE XXIV CONCLUDED
V=175 KT Qg= -5 L =71001B D= -250LB
Chordwise Stress]' Flapwise Stress [Torsional 'Stress|
‘y ,‘DEG: r/R r/R I‘/R r/R ’ I‘V‘R
.15 .80 A5 .80 15
155 197 1817 | 1533 ~2425 -183
160 L0 1967 1 1456 -3021 || -120-
165 -168 1863 | 1592 -3238 - 62
170 =243 1672 2067 =312, | 48
1175 -86 1533 2536 -2979-f 16 (
180 40 1336 2708 -3028 13
185 2 1082 2874 ~3142 =7
190 -36 995 3207 -3058 36
195 ~199 1209 3503 =274 =51,
200 ~b57 1417 3776 -2117 =52
205 =702 k) 5216 -1274 -38
210 -909 1475 4691  =LL8 17
T 215 =978 1458 4993 40 81
220 -1053- 1267 5278 342 152
225 =173 1099 5700 499 237
230- ~1261 1128 6103 722 305
235 -1324 1273 -} 6477 987 333
24,0 -1619 1331 6916 132, - 339
245 -1964 1215 7261 1674 337
250 ~2147 1227 | 7219 1800 335
255 =2153- 1319 6988 1855 370
- 260 -2027 1238 6928 2017 436
265: -1958 1140 6910 2240 4,89
270 -1883 1093 6738 2337 557
275 -~1688 1099 6495 2355 610
1 280 -1613 1261 6293 2102 ; 612
1 285 -16C6 1348 5943 S 1692 | 547
-290 ~1631 1400 5611 1131 | 456
] 295 -1606 1539 5409 667 358
300 -1424 1620 5290 276 275
305 -1242 1550 5064 ~98 - 180
310 -1085 1388 4827 -L5k a7
315 =909 1209 | 4601 =701 5
320 -896. 1111 4323 906 |  <ke
{32 -1022 1012 Loo1 976 | -50
330 ~1223 065 | L4186 864 -20
335 ~1430 1202 | 4542 19 s
340 ~1518 1215 | 4227 -858 § - 128
| 385 1575 1024, 5017 -1153 182
1 350 ~1343 822 5260 -1485 | 208
355. 142 631 5504 <1620 22,
| 360 -1324 408 | 5604 <1575 - 227
L , - i
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‘TABLE XXV -CONCLUDED
V=175 KT ag~ 00 L« 7100 Lb D =400 1B
- - - " — > e
. Chordwise Stress :Flaowise Stress Torsional Stress
”,,DBG r/R r/R r/R r/R r/R r/R r/R /R /&R ° R R
1 . A5 0 31 65 +80 375 o5 .65 «80 .15 375 .65
155 =136 1510. 1645 1817- |- 1041 -105% =1979 -2805 | -2 -168 220°
160 =356 1277 1884 054 87 -22 -1979" =3251 -187" -168 125
165 425 1253 1847 2019 262 176 -252 =3100 § -209 «200 104 -
170 =375 965 w3 173¢ 3066 1212 -3399 27156 -213 231 8L
-1175 =27 611 826 1290 3964 1794 3634 -2786 -183- =174 27
180 ~168 836 3 L3 L4W53 2120 -3213 =312 | -181. =1il1 76
185 | -168 922" 102 932 4509 2435 -2326 =2570 =147- «52 15
190 «293 597 203 1088 . W57 2928 -1371 ~3709 -88 11 106
195 =651 &l 473 1296 | 4751 3527 652 3166 A n 8l
200 ~1022 =347 769 1464 5364 4020 =75 =272 =12 -2 76
] 205 ~1236 -506 8T 1562 -6138 14566 526 =960: 53 19 £g:
210 :§ ~1280 -408 681 1504 ]| 6566. 4981 1084 . 125 ‘93 76 110
215, -1298- -255 360 1232 -6671 5248° 1927 709 o hYAR 167 .
220 | -1236. -396 39 978 657¢ 53719 2920 963 176 139 198 °
225 -1185 -68l,. -157 989 6795 5646 3837 1101 192 193 204
230 | 1236 -886 -~150 1070 B INTA 6210 4,01 1288 208 155 ;155
235 ~14L4L9 =935 L5 1163 8034 6875 5265 176k - 186 86 ‘131
20 -1751 -157- 215 1325 8535 7439 L116 1391 186 -8 9"
A5 -1902 ~659 398 1383 8802 7575 L228 1861 164. <60 Lb
250 | -2033 <157 455 Ll |- 8616 7250 L594 1595 222. -79 10
255 -2027 -843 W42 1348 8368 6863 5059 1336 337 =3l 43
280 | 1832 .33 148 1261 8052 6661 1966 1547 162 92 13
265, 1625 =249 385 1354 7916. 6164 4395 1263 563 199 202
270 | -1399 -267 L2 1351 7941 ‘6412 3881 2156 626 295. 243
275 | -1273 3 518 1296 172 5979 3502 ‘2048 62, 305 263
280~ -1273 58 574 1394 :
285 ~1330 370 732 1394
290 -1512 291 86l 1458
295 | -1619 272 1009 1579
'] 300 =1455 70 10L0 1660
305 |. -1267 -279° 776 '1574.
310 -1091 -1,82 335 1209
315 =965 «267 ~=251 758
320 ~1028 ~102 -=Th2 527
325 -1135 ~537 -ny 504 .
330 -1437  -1022 -591 21C
335 §. -1820 -121,8 =251 1134
340 -20L0 - =1284 1 1198
365 | -1996 -1223 64 1146
§ 356 ~1751 -929- ~133 1007 |
355 | 1518 =580 -iLb- 766
36¢ =1386 -451 =516 556 |-
e
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'l‘ABLE XXV1 CONCLUDED
¥=175KT ag=+5¢ L=7300L8 D.~ 1100 L8
Chordwise Stress Flapwise Stress Torsional Stress

» DEG r/R r/R r/R r/R r/R r/R r/R r/R r/R r/R r/R |:
. 15 375 +65 80 375 45 .65 +80. «15 375 +65
155 21 1878 1399 1585 322 -663 -281 =217 |. =272 148 204
160 =136 1577 37 1672 886 125 -2617 =2871 -318 -206 w7
165 413 162, Ul12 1695 | 1728 96 ~3089 -2527 -379 ~282 64
170 =702 1271 1349 1562 2552 9 -3566 =2190 405 -306 3
4175 -852 8,8 1223 1545 3270 BRTA ~3479 -2262 |. -385 -286 [V

180 -808 542 1047 1533 3605 1515 ~2822 “27Y4 -322 =229 46 1.
185 =752 358 782 1388 3840 2067 ~2028 ~3046 -2} -137 17
190 =746 137 423 1134 4274 2839 <1309 -3136- ~185 97 14
195 T -16 184 972 . 4899 3604 ~708 -2738. -92 =32 108
{200 =739 ~175 89 1007 5599 4305 '8 2009 37 104 147
‘J205 ~903 ~390 121 111 6275 4869 Lis <1129 83 228 218
20 1179 -567 253 1169 6609 5118° 1224 =351 55 220 273
25 -=1506+ 653 K10 1313 6634 5159 2188 282 33 12 202
220 w1656 ~806 568 158 6813 5391 3099 854 =26 2 96
225 . =1638 -825 625 1504 7222 5860 3651 1L45 ~88 =30 106
230 - ~l93 ~733 518 U4l 7656 6335 3887 1861 -4 lids 131
235 ~1298 <653 373 1267 8052 6762 3992 1987 ~30 -22 98 .
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- - TABLE XXXVl 'TIME HISTORIES OF AERODYNAMIC LOADING, LB/IN ,
. VelloXT ag=-9° Le1600LB D= .25 LB N
(1) EXPLRIMENTAL
- T Blade Radial Siation
v L25R L40R L35k 73R I L 90R .95R JUTR L L99R -
0 0.6 L3 10.0 23.7 33.2 2.9 35.0 9.5 5.9
5 <3 2.1 10. 4 24.3 33.3 33.0 351 19.3 5.5
- , 10 0.7 2.6 10.6 24.4 331 37 315 19,2 5.2
15 0.5 2,9 0.7 24.3 3.2 3.8 335 8.5 4.7
0.1 3.1 1.0 2.7 30.9 30.1 3.9 17.2 4.9
0.7 3.3 1.0 230 29,7 28.5 30,1 16,0 4.3
1.2 3.4 10.9 2.5 28.3 2.3 28,8 15.2 4.0
L2 3.3 10.8 2.0 27,0 26,1 7.9 14.5 3.¢
L0 3.6 10.8 21.4 25,4 24.9 26,7 14.0 3.5
0.8 3.6 0.5 20.8 243 23.5 25,1 13.0 3.3
0.7 3.6 10.2 19,8 22,6 2.7 22,9 12,0 3.4
0.7 3.6 9.8 18.6 20.8 20,2 21,6 1.1 3.4
» 3.6 9.5 17.3 19, ¢ 18.5 20.0 10,2 2.9
0.8 3.5 9.0 16,2 17.5 16,8 18.9 9.5 2.9 -
0.8 3.5 8.6 15.1 16,1 15.6 18.5 9,1 2.3
1.0 3.4 8.2 14.3 14.6 149 18.0 8.9 3.7
1.2 3.5 8.1 13.7 15.7 14.5 17.5 8.7 3.0
14 3.9 8.3 13.3 13.3 14.5 16.8 8.3 2.8
N 43 8.7 13.2 13.5 1.7 16,7 8.3 2.8
2.1 1.8 9.1 13.4 14.3 1.5 16,5 8.3 3.1
2.5 5.3 9.6 13.9 4.5 14.0 16.4 8.2 2.4
3.0 5.8 10.2 4.5 14.2 14,1 13,6 7.6 2.4
3.6 6.4 10.9 15,1 14.0 4.1 14.6 6.9 2.0
11 6.9 1.7 15.3 4.3 13.6 13.9 6.4 2.0
4.6 7.6 12,6 15.4 147 13.4 12,8 6.2 1.9
5.2 8.2 13.1 15.5 14.9 13.5 12,7 6.2 2.0
5.7 8.9 13.5 16.2 i5.2 14.0 13,1 6.3 2.2 ﬁ
6.2 9.4 13.8 17.5 16,2 15,0 13,9 7.3 2.5
6.0 9,8 14.2 18.9 i7.3 16.0 14.7 8.2 2,9-
7.0 10. 1 14.6 20.6 18.8 17,6 16,0 9.0 2.7
7.3 10.2 14.9 20:6 20,2 19,2 17.2 .1 3.8
7.6 10.2 15,1 20.9 21,2 20, 6- 18,3 1.0 4.3
7.7 101 15.1 200 2L 21,6 19.3 1.6 4.8
7.6 10.0 15,2 21,1 22,4 2.2 19.8 1.9 5.3
7.4 9.7 15.4 214 2.7 2.5 19.5 1.9 5.7
7.0 9.1 15.5 PN 23.0 2.7 20.1 12.1 6.}
6.4 8.5 15.5 21.3 3.4 23.0 20, 4 12.3 6.5
5.7 8.0 15,4 21.3 23,7 2.3 2).4 13.9 7.0
4.9 74 15, 1 21.2 24.1 23.8 21,9 13.4 0.8
4.1 6.8 14.7 211 24,6 2.6 22,2 13.8 7.6
3.3 6.1 14.3 2011 23,0 25.0 2.9 14.2. 8.3
25 5.4 13.7 20.8 24,9 25,0 23.3 14.4 5.6
L8 4.0 13.0 20.4 24.9 25.0 23.2 14.6 8.8
1.2 4.0 12,0 20.1 4.7 24,8 23.1 14.6 9.0
0.7 3.3 . 19.6 24.4 24,7 23,5 14.5 9.3
0.3 27 0.3 19,1 24,2 24.4 23.7 14.8 9,6
0.0 2.2 9.4 8.5 23.5 24.3 23.3 14.8 v.4 '
0.2 .7 8.6 18,0 23.3 4.0 23.3 4.8 9.2
0.4 L2 7.9 17,4 23,0 23,7 23.3 4.7 9.2
0.5 0.8 7wl 16,9 2.6 23.4 23.5 14.9- 9.0
-0, 6 0.6 6.4 16.5 2.2 23,3 23.3 15,0 9,1
-0.% 0.3 5.8 15,8 TR 23.2 23,2 15.1 8.8
L9 0.1 5,2 15,3 215 23.2 23.9 15.3 8.4
1.0 0.0 4.8 14.3 21,3 2,9 24.0 15.3 8.0
-LO -0.1 45 4.4 2.8 22,3 23,7 15.5 7.8
L1 0.0 4.3 14.1 20.4 2,1 24.8 15,9 7.9
L1 0.1 4.1 13.7 20,3 22.2 25,6 16. 1 8.0
<10 -0 1 3.9 13. 4 20.2 2.0 26,0 16,4 7.6
-0.9 0.0 3.3 13.3 0.2 22,0 26,0 16,6 76
0.9 0.0 3.9 13,4 .1 2.1 26, 4 16,6 5.3
0.4 ol 40 13.5 20.3 22,1 26,5 16, 4 7.3
-0.6 0.1 41 13.8 20,9 2.5 26.7 16,4 6.6
0.5 0.2 +3 14.3 21,6 23.2 2.4 16. 4 6.0
0.3 0.3 4.6 14.9 2.7 24.3 28,2 16,8 35
-0.3 0.5 5.0 12,6 23,7 25.6 28,9 1.3 3.9
0.3 0.7 3.3 .3 25,2 0.7 3.4 17.8 3.7
0.7 0.9 6.0 7.4 26. 4 28.3 3,2 15.2 -6.0 -
-0.3 Lo 6.7 8.3 28.0 29,4 4 18.6 38
i 12 7.3 19,5 29,3 .7 3.5 19,2 6.2
| 1.3 5.0 0.7 30.7 3.4 .2 9.4 6.2
0.1 3 8.7 21,9 3.7 320 .4 19.4 6.1 i
00,2 (] 9.3 22,9 3Ly 2.6 35.2 19,6 5.8
(I 350 19,5 3.9

6 10.0 23.7 33.2 a2,
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TABLE XXXVI CONCLUDED
VelO0Kt ag= = L=-1160018 D=-215IB
() "TREORETICAL (UNIFORM INELOW)
Blade Radial Station

¥ V25K LAUR .33k LTAR B3R L90R LU3R LI7R L99R

0 0.8 3.2 %3 204 20,1 33.1 364 34,1 0.1

5 -0.6 3.6 9.6 204 25,9 3y 35.6 375 (1N}

10 0.3 3.0 9.9 213 28,4 32,0 3.9 36,8 0.1

13 0.1 4.3 10.1 2.0 24,7 3kl 339 35,7 01

0 0! 4.6 19,2 20.6 26,9 3.2 32.9 34.5 0.0

25 0.4 4.8 10.2 20,2 26,2 29.2 3LS 33.0 0.0

30 0.6 4.9 10,1 19.7 25.3 28,1 20.2 3.3 0.0

33 0.8 5.0 10.0 19,1 24,4 26.9 28.8 30.0 0.0

10 0.9 5.0 9.7 Iy, 4 23,5 25.6 2.4 2.5 0.0

15 1.1 5.0 9.4 17.5 22,0 241 25,9 27.0 0.0

39 L3 5.0 9,2 6.6 20.7 2.7 24,4 25.4 0.0

33 1.4 5.0 8.9 13.6 19.3 21,2 22,6 23.4 "0

0 L6 5.0 8.6 14.7 17.9 19,6 20.7 203 0o

65 L3 51 8.3 13.9 16,6 17.9 18.7 19.0 0.0

70 21 5.3 5.3 13.3 15.4 16.3 16 7 16.7 00

75 2.4 5.3 S.6 1.8 4.4 14.8 14.8 14.6 0.0

80 2.7 5.8 8.8 2.5 13.6 13.6 13.2 1.7 0.0

85 3.0 6.2 9.2 12,4 12,9 i2.6 159 1.2 0.0

50 3.4 6.7 96 12.4 12,5 1.9 10.8 10.0 0.0

93 3.8 7.2 10.2 1.5 12,2 il 4 10, 1 9.1 .0

100 4.2 7.8 10.7 1.8 12.1 . 9.7 8.5 .0

105 1.6 8.3 1.3 13.1 12,3 1.1 9.6 8.3 0.0

110 3.0 8.8 1.9 13.6 12,6 1.3 9.7 8.5 0.0

- 113 5.4 9.4 12.5 14.1 13.0 L8 10.2 8.9 0.0
120 57 9.8 13.0 4.7 13.6 12,4 10.9 9.7 0.0

125 3.9 10.2 13.6 15.3 14.3 13.2 1.8 10.7 0.0

130 6.0 0.3 13,0 16.0 15. 1 14. 1 12,9 1.9 0.0

135 6.t l0.8 14.3 16,7 16.0 15.2 14.1 13.2 0.0

140 6.1 10,9 14.8 17.4 16.8 16,2 15.4 14.7 0.0

145 6,0 1.0 15.1 18. 1 17.8 17.3 16,5 i6. 1 0.0

150 5.8 19 15.2 15.8 18.7 18.3 17.9 17.5 0.0

155 5.5 10.8 5.5 19.3 19,7 19.3 19.2 19.0 0.0

160 3.2 10.6 15.3 19.% 20.6 20. 4 20, 4 20,3 0.0

163 18 10.2 13.2 20.3 21,4 205 215 216 0.0

170 1.3 9.8 15.0 20.6 221 2.4 22.6 22,37 0.0

175 3.3 9.3 14.8 20.8 22,7 23.3 2.7 23.9 0.0

180 3.3 8.8 14.4 21,0 3.1 24.0 24.6 25.0 0.0

185 2.8 8.2 13,9 210 23.5 24,6 25,4 26.0 0.0

150 2.2 7.5 13.4 2.9 23.8 25.0 26,1 26.8 0.0

195 .7 6.8 W7 20.7 24.0 23.4 26.7 27,5 0.0

200 1,2 6.1 12,1 20. 4 24,1 25.7 271 28.1 0.0

205 0.8 53 1,3 20.1 2.0 23,9 27.5 28,5 0.0
117 0.4 1.6 0.5 19.7 23,9 26.0 27.8 28,9 0.0
215 0.1 3.9 9.7 19,3 23.7 25,9 27,9 29.2 0.0

220 0.1 3.2 8.9 18.7 23.4 25.8 27.9 29,2 0.0
225 0.3 26 8.1 15,0 23.1 25.5 25.8 29.3 0.9-

230 0.4 2.0 7.3 17.4 2.7 25.4 27.6 29,1 2.1

235 -0.2 L3 6.6 16.8 2.3 25. 1 2.5 29,1 0.1

240 0,2 L1 3.9 16.2 218 1.0 27.2 28.9 0.1

245 0.2 6.7 3.2 15.6 21,3 2.5 2.1 28,7 0.1

239 -0.2 0.4 1.6 15.0 20.9 24.1 26.9 28.6 0.1

. 245 -0.3 o1 1.1 14,4 20,5 23.7 26.6 28,4 0.1
f 260 -0.3 0.t 3.6 13:9 20,2 23,3 26. 4 28,3 0.1
265 -0.4 <0.3 3.3 13.5 19,9 23.3 26.2 28,2 0.1

270 0.4 0.4 3.0 13.2 19.3 23.1 26,1 2.1 0.1

275 -0.5 -0.5 2.7 13.0 19.7 23.1 26,1 2.1 0.1

280 -0.5 -0:6 2.6 1.9 19.7 23.2 26,2 25,2 0.

1. 83 0.3 0.7 2.3 12,9 19,9 23.4 20,4 28.3- 0.1
290 -0.5 -0.7 2.5 13.1 20,1 23.7 26.7 28,6 02

295 ~0:3 0.7 2.6 13.3 20,4 24.0 27:0 29.0 0.2

. 300 0.3 0.7 2,8 13.7 20.9 24.3 27.6 29.5 0.2
W5 -0 -0.6 30 4.2 214 25.1 26.2 30.2- .2

< 310 058 0.3 3.3 14.8 22,1} 25,8 29,0 0.y 0.2

- 315 -0.5 0.4 3.8 15.5 2.9 26.6 29.8 36 0.2
_ 320 -0.6 -2 4.3 16.3 23.7 27.5 30.6 3.5 0.2
325 -0.6 0.1 4.8 17,0 247 24, 6 35 33,4 0.2

‘ 3N 0.6 G. 4 55 178 25.5 29; 4 32,4 34.3 0.2
335 6 0.8 [N} 18.6 26, 3 3.1 33.2 35.2 0.2

-4 %40 -1.0 1.2 o8 19.2 27,2 3.0 34.1 36.2 0.
1 35 -1.3 L7 7.5 20.0 27.8 31.6 31,9 37,1 0.1
" 350 1.2 2,2 8.1 20.7 28.4 2.4 33.9 38.2 0.1
e 1) L ] a7 8.7 251 28.8 32,8 36,3 38.3 0.1
1. 360 - 08 3.2 Q.3 21,4 29,1 33.1 36.4 38.1 0.l
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